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REVISION DESCRIPTION 

This s p e c i f i c a t i o n  has been r ev i sed  t o  r e f l e c t  t h e  
changes agreed upon with t h e  vendor during subcontrac 
negot ia t ions .  

This s p e c i f i c a t i o n  has been r ev i sed  t o  r e f l e c t  t h e  
changes agreed upon with t h e  vendor during subcontrac 
negot ia t ions  and inco rpmate  the recommendations of 
MSC, Houston, Texas. S p e c i f i c a t i o n  Control Drawing 
LSC-310-100 has been replaced by LSC-310-1OOA. 

This Spec i f i ca t ion  has been rev ised  to incorpora te  
t h e  requirements o f  Amendments 1 through 6. 
changes are indicated by marginal i n d i c i a .  

These 

2 
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PROPELLANT SYSTEM AND "HFXJST CHAMBER ASSEMBLIES, 

RWCTION CONTROL SUBSYSTEM 

DESIGB CONTROL SPECIFICATION FDR 

1 SCOPE 

1.1 Scope. - This s p e c i f i c a t i o n  ou t l ines  t h e  requirements 
for t h e  Propel lant  System and Thrust Chamber Assemblies (PSJTCA) t o  be used 
an the  bipropel lant  Reaction Control System of t h e  Lunar Excursion Module 
( LEM) , Apollo Spacecraft  . 

1.2  - Class i f ica t ion .  - The Propel lant  System and Thrust 
Chamber Assemblies s h a l l  cons is t  of:  

(a)  Sixteen (16) rad ia t ion  cooled t h r u s t  chamber assemblies. Each 
assembly s h a l l  conslist o f  a t h r u s t  chamber.with f u e l  and oxid izer  
solenoid valves ( t h r u s t  chamber valves) .  
assemblies a r e  grouped i n  c l u s t e r s  of four and ex te rna l ly  munted  
on the  LEI4 vehicle .  . 

I n s t r m e n t a t i o n  and f i l t e r s  as required.  

;TOTE: All propel lan t  l i n e s  ex te rna l  t o  camponent packages will. 

The t h r u s t  chamber 

(b) 

be provided by Grwnman. 

2 APPLICABLE D3CUbENTS 

2.1 General. - The following documents of  t h e  i s s u e  i n  
e f f e c t  January 14, 1-m a par t  of t h i s  spec i f i ca t ion  only t o  the  
e x t e n t  spec t f ied  herein:  

SPEC I FICATIOIIS 

1 4 i l i  t ary  

!.gL- 5- 5587 Ebnciing; E l e c t r i c a l  ( f o r  A i r c r a f t )  

, 

t 

I 
I 

Eng-278C 02 EDP Sheet No.- 
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2.1 ( Continued) 

MIL- S - 7'7-42 Screw Threads, Standard, Op t imum 
Se lec t ed  Series ,  General S p e c i f i c a t i o n  
for 

Propel lan t ,  Nitrogen Tetroxide MIL- P- 26539 

MIL-P-27402 Propel lan t ,  Ilydrazine, Unsymmetrical 

MIL- C-45662A Cal ibra t ion ,  System Requirements 

M T L - w - ~ ~ S ~ ~ D  Wire, E l e c t r i c a l  Ins'ulated, E g h  

Dimethyl Hydrazine 

Temperature 

. STANDARDS 

Military 

MIL- s TD- 139 I d e n t i f i c a t i o n  Karking of U.S. 
M i l i t a r y  Property 

T e s t  Methods f o r  E lec t ron ic  and 
E l e c t r i c a l  Component P a r t s  

E l e c t r i c a l  Power, A i r c r a f t ,  
C h a r a c t e r i s t i c s  and Use of 

~. 

MTL-sm-202 

MIL- STD- 704 

!4I L- S TD- 810 Environmental Test N e t b d s  f o r  . 
Aerospace and Ground Equipment 

PSFC lh cunent s 

b S F C  Drafttng lkmual Sec t ion  15  

tSFC - PROC -1 5 8A Soldering of E l e c t r i c a l  Connections 
(High R e l i a b i l i t y )  

03 Eng-27SC EDP Sheet No.- 
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2.1 ( Continued) 

NAA Documents 

MC901- 0004 Rocket Engine, Bi-Propellant 
Service Module Reaction Control 

Grumnan Ibcuments 

LSP-530-001 with Electromagnetic Interference Control 
Amendment No. 1 Requirements , General Specification 

for 9-16-63 

Cleanliness Level Requiremsnts of 
Reaction Control Subsystem 

Grumman Flight Instrumentation 

LSP- 3 10 - 0001 
LLI - 360-1 

Sol apti nn T . i  cf 

LSC~~O-116 (latest revision) Cluster Assembly, RCS Thrust Chamber, 
Specification Control Cyawing for 

Propellant Pressure Transducer, 
Specification Control Drawing for  

Propellant Temperature Transducer, 
Specification Control Drawing for 

Propellant Filxer, Specification 
Control Drawing for 

LSC3lO-lZL (latest revision) 

LSC310-122 (latest revision) 

LSC310-125 (latest revision) 

2.2 . Precedence. - Vhen the requirements of the Purchase 
Order ,  this specification and subsidiary specifications, are in conflict, 
the fo l l swing  precedence shall apply: 

(a) Pxchase Order  - The pmchase order shall have precedence -- 
27.rep zr;. s p ~ ~ i f i ~ a t ~ ~ ~ s ,  

(b) %is Specification - 'This specification shall have precedence 
Over a l l  subsidiarv smecifications - ----.---- 

Eng-219C 04 EDP Sheet No.- 
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2.3 A v a i l a b i l i t y  o f  bcuments .  - Copies of t h i s  spec i f i ca -  
t i o n  and o the r  app l i cab le  documents referenced here in  may be obtained' 
upon reques t  from LEM Program Data Management, G r ~ ~ m m a n  A i r c r a f t  Engineering 
Corporation, Bothpage, Long Is land,  New York, Attent ion:  Spec i f i ca t ions  
Group. 

3 REQUIRENENTS , 

3 =1 General. - 
3.1.1 Drawings and Data Submittal; - A l l  drawings and o the r  

data requi red  under t h i s  s p e c i f i c a t i o n  s h a l l  be submitted i n  accordance 
wi th  t h e  purchase order. 

3.1.2 Deviations. - When t h e  requi renents  of  t h i s  spec i f i ca -  
t i o n  and-any app l i cab le  subsidiary s p e c i f i c a t i o n s  cannot be met t h e  
fol lowing s h a l l  apply: 

( a )  R v i a t i o n s  s h a l l  be noted i n  the  vendor's proposal  documents 
2nd brought t o  t h e  a t t e n t i o n  of Grwnrraan. 

(b) Deviations s h a l l  requi re  approval by Grumman Engineering p r i o r  
t o  incorpora t ion  i n t o  any component. 

( e )  Pa r t s  containing unauthmized devia t ions  s h a l l  be sub jec t  t o  
r e j e c t i o n .  

3-1.3 Mxk-up. - A full s c a l e  metal mock-up of all compments 
shall be provided f o r  assembly at Grumman. Used conponents or a c t u a l  - 

component housings s h a l l  be used wherever poss ib le .  

o therwise  authorized by G r u m n .  

The mxk-up s h a l l  
' be kept cu r ren t  wi th  approved changes throughout t h e  con t r ac t ,  un less  

3 - 2  Performance. - 
3.2.1 T h u s t  Chamber Assembly. - The TCA s h a l i  meet t h e  

performance requirements of 5AA Spec i f ica t ion  14C 901-0904. 

05 EDP Sheet No.- 
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3.2.1.1 At t i tudes .  - The (PS/TCA) when pressur ized  p e r  3*4.4 . 
s h a l l  start, aperate as requi red  and shutdown i n  any a t t i t u d e  under t h e  
f l i g h t  maneuver loads  and conditions s p e c i f i e d  herein,  and under zero  
g r a v i t y  conditions.  

3.2.1.2 Ascent Interconnect. - The PS/TCA shall meet all t h e  
requirements of t h i s  spec i f i ca t ion  when supplied with p rope l l an t s  from the 
LEM Ascent Stage Propulsion System. 
requirements of paragraphs 3.4.1.1 and 3.4.1.2 and w i l l  be supplied at a 
temperature of 7OoF + 30' and a ngminal s t a t i c  pressure  o f  188 + 5 ps ia .  
!&ximum dynamic pressure  loss across t h e  in te rconnec t  c o q o n e n t z  shall 

t o  t h a t  of t h e  RCS p res su r i za t ion  system. 

These p rope l l an t s  cohform t o  t h e  

. not  exceed 5 p s i .  The dynamic pressure c h a r a c t e r i s t i c s  w i l l  be equivalent 

3.2.1.3 
shorm i n  Table V. 

h t y  Cycle. - The t y p i c a l  mission duty cyc le  is  

3.2.2 L i f e .  - 
3.2.2.1 Operating E f e .  - The PS/TCA s h a l l  be capable of 

accomplishing t h e  t y p i c a l  mission duty cycle of  Table V at  any t i m e  
Trithin a period of 14  days under t h e  environmental and load  c&i t ions  
s p e c i f i e d  i n  Table 11, ? a f t  ( e ) .  
PS/TCA s h a l l  be serviced and tes ted i n  accordance with approved procedures 
and s h a l l  r equ i r e  'no add i t iona l  se rv ic ing  during t h e  1 4  days ope ra t iona l  
period.. 

D u i n g  t h e  pre-launch period, t h e  

Thrust Chankr O p e r a t h g - L i f e .  - The Thrust Chamber 
---I--- 

' 3.2.2.2 
Operating L i f e  s h a l l  xreeT t h e  requirerr,ents of EAA Spec i f i ca t ion  14CgOl-0004. 

3.2.2.3 Storage Life.  - The PS/.TZA shall meet t h e  requirements 
of t h i s  s p e c i f i c a t i o n  after being subjec ted  t o  permanent s torage  f o r  f ive 
yea r s  v i t h  necessary pericJdic mintenance.  
c r i t e r i o n  only and does n s t  reqEire d e m n s t r a t i o n .  
shall be added t o  t h e  PS/KA t o  Ireet t hese  requirements. 

Storage l i f e  i s  a design 
Uo perrranent weight 

3.2.2.k v r r e q x n c y  of Operaticn. - Tie requi rcxents  of t h i s  
s p e c i f i c a t i o n  s h a l l  be m t  a f t e r  a non-operating period. of 2 years  following 

ha rdx i r e  and recomaended pro tec t ive  reasures  . 
arren-tsnCe -test. yrae ~ r o v 4 n -  -i--'l - - A -  - b--uvL I I I u A ~ ~ ~ ~  stsi-age Iliidtaiiuns si prop3sed 
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3.3  Design. - 
3.391 General. - ?"ne PS/TCA s h a l l  be designed t o  meet t h e  

Design 
environmental and load c r i t e r i a  of Table I1 i n  add i t ion  t o  t h e  self 
genera t ing  loads  incurred i n  meeting the spec i f i ed  performance. 
load  envelopes shall be es tab l i shed  by superpos i t ion  o f  r a t i o n a l l y  
deduced c r i t i c a l  l o a d s - f o r  811 ground and opera t iona l  condi t ions and 
s h a l l  inc lude  cumulative effects, as we11 as simultaneous loadings.  

3.3.1.1 Safe ty  Factor.  - Factors  o f  safety must be appl ied  
t o  t h e  levels of  Table I1 as well as t o  t h e  se l f -genera ted  l a a d s  of t h e  
PS/TCA. 
f o r  stress concentrat ions,  f a t igue  loading and dynamic respmse. 
steady loads  or acce le ra t ions  and f o r  shock loading, t h e  ultirnate f a c t o r  
of safety i s  1.5. For v ib ra to ry  lcads t h e  l i m i t  f a c t o r  of safety i s  1.3 
f o r  g or D.A. and (1.3) for' g2/cps 
1.5 f a r  g o r  D.A. and (1.52) f o r  g'/cps. 
t h e  con t ro l  valves and valve actucxors,  t h e  proof f a c t o r  i s  2.00 and t h e  
u l t i m a t e  f a c t o r  i s  3.00. For combined loadings,  t h e  u l t ima te  f a c t o r  
of  safety i s  1.5 except t h a t  when pressure  e f f e c t s  are r e l i ev ing ,  pressure  
s h a l l  no t  be used. 

Rat ional  allowance s h a l l  be made and incorporated i n  these  loads  
For 

The ultimate f a c t o r  of s a f e t y  is  
For pressur ized  u n i t s  such as 

Vibrat ion Amplification Factor.  - The v i b r a t i o n  levels -- 3.3.1.1.1 
spec i f i ed  i n  Table I1 are inputs  frem the  LEI? prilrary s t ruc tu re .  
m d i f y i n g  e f f e c t s  of secondary s t ruc tu re ,  including t h e  Grumman TCA 
c lu-s te r  support ,  nus t  be considered i n  determining v i b r a t i o n  levels f o r  
des ign  gf compnents  and assemblies subjected t o  these l e v e l s .  The 
Grumman c l u s t e r  support  w i l l  have a fdndamental resonance betveen 23 cps 
and 6:: cps. 
Gruwran c l u s t e r  supports  t o  enable t h e  vendor t o  ca l cu la t e  t he  v i b r a t i o n  
loads  on t h e  TCA c l u s t e r  m u n t .  

The 

G ummn w i l l  f c r n i s h  s u f f l c i e n t  s t r u c t u r a l  d a t a  f o r  t h e  

The vendor s h a l l  e s t a b l i s h ,  wi th  Gruman 
approval,  t h e  design v ib ra to ry  l eve l s  f o r  t h e  TCA f i r i n g  condi t ions.  
s h a l l  be a t  l e v e l s  which T i i l l  include a t  least 985 of t h e  acce le ra t ion  
s p e c t r a l  dens i ty  levels over a frequency range of  15-2003 cps. 
v i b r a t i o n  a q l i f i c a t i o n  f a c t 3 r ,  as a r e s u l t  of t h e  v i b r a t i o n  inpu t s  t o  
t h e  engine, s h a l l  not exceed a value of 10, where not  a l ready  l imi t ed  
t o  a love r  va lue  by o the r  design requirements. "his am@ificat ion f a c t o r  
i s  def ined  as t h e  t o t a l  displacensnt  of any p o i n t  on t h e  i t e m  un3er t es t ,  
divided by t h e  displacexont  clf the input  device.  These requirements shall 
be mns ide red  durlng development t e s t i n g  of  t h e  engine. 
t h i s  requirement appears d i f f i c u l t  t o  accomplish, G r m a n  s h a l l  be consulted 
f o r  d i r e c t i o n .  

nese  

The 

I n  cases  where 

The v i b r a t i o n a l  m t i o n  ampl i f ica t ion  f a c t o r  on any p3 r t ion  

E n g - 2 1 S C  EDP Sheet No.- 07 
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a 

3.3.1.1.1 ( Continued) 

a . 

of  t h e  equipment s h a l l  be l imi t ed  t o  a maximum of 10 where nst  already 
limited t o  a lower value bjr other  des ign  requirements.  
f a c t o r  i s  def ined as the t o t a l  displacement of  any po in t  on t h e  i t e m  
under test divided by t h e  displacement of t h e  input  device. 
s h a l l  be subs t an t i a t ed  during development testing. I n  cases  where th i s  
requirement appears d i f f i c u l t  t o  accomplish, Grumman s h a l l  be consulted 
f o r  d i r e c t i o n  before  proceeding with t h e  design development. 

This .amplif  icat ion 

This cri teria 

Vibrakion Design Environment. - The appl ied  v i b r a t i o n a l  -- 3.3.1.1.2 
envirorment f o r  t h e  launch and baost, space f l i g h t ,  and l u n a r  excursion 
phases of  t h e  mission cons i s t s  of random e x c i t a t i o n  up t o  2000 cps. The 
high acce le ra t ion  dens i ty  levels  a t   lo:^ f requencies  are presented i n  
Table I1 for use i n  design analysis  only,  s ince  available tes t  equipment 
i s  incapable  of reproducing the complete spectrum. 
lnc lude  separa te  s inuso ida l  v ibra t ions  t o  account f o r  t h i s  1014 frequency 
po r t ion  of t h e  random spectrum as vel1 as t o  deterrLne t h e  design 
adequacy i n  ind iv idua l  v i b r a t i o n  mades. 
and Tables VI and V I 1  f o r  t es t  procedures and times. 
s h a l l  be considered as par t  of the v i b r a t i o n  design. 

The t e s t  requirements 

See tes t  requirements i n  4.4.2.2.1 
Test requirements 

A 

. 3.3.1.2 Dry 'Weight. - -- 
(a)  The vendor s h a l l  endeavor t o  produce t h e  l i g h t e s t  p r a c t i c a l  

Propel lan t  System and Thrust Chamber Assemblies capable of 
meeting t h e  requirerients of t h i s  spec i f i ca t ion ,  

The s p e c i f i c a t i o n  rnaximum dry weight s h a l l  be as.shown i n  
Table  I X .  

The vendor shall e s t a b l i s h  and m i n t a i n  a weight c o n t r o l  
program as ou t l ined  i n  the  purchase order  t o  in su re  t h a t  t h e  
raxinrum ve igh t  i s  not  exceeded. 

( b )  

( c )  

Mment of I n e r t i a  and Center o f  Gravity. - The vendor ----- 3.3.1.3 
shall determine t h e  c e n t e r  of grav i ty  l o c a t i o n  and m m e n t s o f  i n e r t i a  of 
a l l  c o q o n e n t s  and assemblies. 
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3.3.1.4 Configuration. - The conf igura t ion  of t h e  PS/TCA 
shall c o n s i s t  of t h e  following: 

~sc310-116 r Clus ter  Assembly, Thrust Chamber 

LSC310-121 Propel lan t  Pressure Transducer 
(C lus t e r  Inlet) 

~sc310-122 Propel lan t  Tenperatwe Transducer 
(C lus t e r  Inlet) 

LSC310-125 Propellant F i l t e r  ( Clus ter  I n l e t  ) 

3-3.1.5 Contamination. - Except for t h e  Thrust Chamber Clus te r  
Assembly ( L S C ~ ~ Q - ~ ~ ~ ~ ~ G F E ~ T G  ( defined i n  paragraph 3.3.1.4) s h a l l  be 
designed t:, opera te  and meet t he  c l ean l ines s  requirements of.Grunr,an 
S p c i f i c a t i o n  LSF-3lO-Ci38l. 
Chamber Clus te r  Assembly s h a l l  meet the c l ean l ines s  requirements o f  1U-A 
Spec i f i ca t ion  MC 931-0004. 

The p rops l l an t  passages of t h e  Thrust 

F i l t r a t i o n .  - F i l t r a t i o n  requirements f o r  t h e  c l u s t e r  -- 3.3.1.6 
assembly s h a l l  be i n  accordance v i t h  IJAA Spec i f i ca t ion  MC 931-0004. 

3.3.1.7 In te rchangeabi l i ty .  - ?%le following conponents s h a l l  
be designed f o r  phys ica l  and func t iona l  i n t e rchangeab i l i t y  ( i n  accsrdance 
wi th  the  d e f i n i t i o n  of Sect ion  6) .  

. (a )  Ins t ruzen ta t ion  and f i l ters  as spec i f i ed  i n  3.3.2.2. 

NOTE: If above compments a r e  connected by a brazing technique 
they are defined as replaceable i n  accordance with the 
d e f i n i t i o n  of  sect ion 6. 

Commnents . - 3.302 -- 

West Charrhr Asserrblies. - The t h r u s t  chamber -_______- 3.3.2.1 
assemblies shall meet the requiremmts of IIAA Spec i f i ca t ion  MC gOl-003k. 

Eng-27BC 
EDP Sheet No.= 
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3.3.2.2 Propellant Control Components. - The propellant control 
components types shall be as fo l lows :  

(a) Propellant inlet filters. 

(b) Instrumentation as required i n  3.3.4. 

3.3.2.2.1 Pressure. - Each pressurized component shall be capabl'e 
of withstanding the proof pressure without yielding or  leakfng and shall 
withstand the ultimate pressure without structural failure. 

(a) 

(b) 

3.3.2.2.2 Bopellant Lines. - ,411 propellant lines external to . 

Proof Pressure 2.00 times the l44OP. 

Ultimate -Pressure 3.00 times the MEOP. 

ccmponent Fackages will be furnished by Grmman. 
of these lines w i l l  be provided by Grumman based on criteria established 
by the vendor. 
defined by the vendor and Grumman, 

Flow characteristics 

Conditions required at the cluster are to be mutually 

3.3.3 Electrical. - 
3.3.3.1 Thrust Charriber Assembly Electrical. - The voltage 

power and electrical characteristics shall be in accordance with RAA 
Spe c i f i cat ion MC 901-0004. 

3.3.3.2 Power Requirem3nts. - A power utilization analysis shall 
be performed by the vendor. This analysis shall take into considergtion 
power consumption, reliability, weight, design, performance and elcctro- 
magnetic interference. 
shall be submitted to Grumman for approval. 
ments shall become a part of this specification, 
accordance with the Purchase Order. 

The analysis along with completed Form LSK-390-1027 
When approved the pcwer require- 

Data shall be submitted in 
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3.3.3-3 E l e c t r i c a l  Ci rcu i t  &sign. - Instrumentat ion s h a l l  
meet t h e  performance and design requirements of t h i s  s p e c i f i c a t i o n  as 
l i s t e d  below. 
accordance with NAA. Spec i f i ca t ion  MC 901-0004. 

Thrust  chamber assembly c i r c u i t  design shall be i n  

(a)  E l e c t r i c a l  boLiding.shal l  be provided i n  accordance wi th  
MIL-B-5087. 

( b )  An e l e c t r i c a l  r e t u r n  wire s h a l l  be u t i l i z e d  i n  a l l  e l e c t r i c a l  
components fsrming p a r t  o f  t h e  PS/TCA. 

All e l e c t r i c a l  elements s h a l l  be e l e c t r i c a l l y  i s o l a t e d  from 
t h e i r  housings. 

- 

( c )  

Electrornagnetic In t e r f e rence .  - InstruEGitat ion s h a l l  
be designed t o  opera te  m d  nee t  the electromagnet ic  in te r fe rence  requi re -  
Dent of Grwman Spec i f i ca t ion  LSP-530-001. 

-- 3.3.3.3.1 
, 

E l e c t r i c a l  Component Design. - Instrumentation shall 3.3.3-3.2 --- 
be designed f o r  t h e  se rv ice  and the environmental condi t ions i n  3.5 
and Table I1 of t h i s  spec i f i ca t ion .  

3.3-3.3.3 Die l ec t r i c  Strength.  - Instrumentat ion s h a l l  withstand 
sri thout e l e c t r i c a l  breakdoirn a d i e l e c t r i c  vol tage i n  accordance with 
?";TL-STC-202, blethod 391, except t ha t  t h e  d e t a i l s  s h a l l  be spec i f ied  i n  
t h e  ind iv idua l  component spec i f ica t ion .  

In su la t ion  Resistance.  - Instrumentation s h a l l  maintain 3.3.3.3.4 -_ 
a mintrim i s o l a t i o n  r e s i s t ance  i n  accordance with IKIL-STD-202, Xethod ?02. 

- ,  
t h e  d e t a i l s  of which s h a l l  be spec i f ied  i n  t h e  ind iv idua l  component 
s p e c i f i c a t i o n .  

3.3-3 .3 .5  I g n i t i o n  Prcof. - Instrumentat ion o r  operat ion of 
saxe s h a l l  n o t  i g n i t e  any explosive mixture surrounding the  E / T C A  ( i .e . ,  
hydrogen and oxygen). 

3.3.3.3.6 Fzil-Safe f iov i s ions  . - F a i l u r e  of PS/TCA i n s t r u m n t a -  
t i o n  shall not  Fropagate sequent ia l ly .  Cesign shall f a i l  safe. 

i 
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3.3.3.3.7 E l e c t r i c a l  Drawing Symbols. - E l e c t r i c a l  drawings 
s h a l l  be made i n  accordance with Sec t ion  15 of t h e  YSFC Draf t ing Manual. 

3.3.3.4 E l e c t r i c a l  W i r i n g .  - The i n s t a l l a t i o n  of wiring and 
wiring devices used f o r  t h e  e l e c t r i c a l  components i n  t h e  PS/TCA shall 
meet the func t iona l  and environmental requirements as s e t  f o r t h  by t h i s  
spec i f i ca t ion .  

3.3.3.4.1 Wiring In t e rna l  t o  PS/TCA Units {Clus te rs  and 
Components). - I n t e r n a l  wir ing s h a l l  be i n s t a l l e d  to: 

( a )  

( b )  

( c )  

Provide a c c e s s i b i l i t y  for  inspec t ion  and maintenance. 

rriinimize the  p o s s i b i l i t y  of damage. 

Prevent chafing and provide p ro tec t ion  when wires o r  cables  
a r e  routed. 

( d )  Ftwv5.de separa t ion  of wires o r  cables  from l i n e s  containing 
propel lan ts .  

( e )  f5nimize t h e  rad ius  of bend t o  a value t h a t  s h a l l  be subjec t  
t o  approval by t h e  Gruman Resident Qua l i ty  Control Representative. 

( f )  Yinimize excessive slack. 

( g )  E f fec t ive ly  e l imina te  electromagnetic i n t e r f e rence  t o  t h e  l i r i t s  
spec i f i ed i n Spec i f  i cat ion LSP- 5 30-001. 

Secure wires and cables when routed through s t r u c t u r a l  members. ( h )  

(i) Frevent mechanical s t r a i n  t h a t  would tend t o  break the  conductors 
and/or t h e  connections. 

(j) Wires and cables  s h a l l  be supported a t  s u i t a b l e  i n t e r v a l s  
t o  prevent excessive mwement under a l l  v ib ra t ion  conditions.  

t 
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3.3.3.5 E l e c t r i c a l  Connections. - Wiring from each component 
s h a l l  p i g t a i l  from t h e  component. 

3.3.3.5.1 Component Connection. -_ Electr- ieal  connections 
wi th in  each component s h a l l  b e  welded, brazed or soldered. Solder ing  
s h a l l  be i n  accordance w i t h  VSFC-PROC-158 and MSC-ASPO-S-5, except  t h a t  
a l l  re ferences  t o  MSFC and MSC s h a l l  be in t e rp re t ed  t o  be G r u m m a n -  

3.3.3.5 - 2  PS/TCA Components and Clus te r  Wire Connections. - 
3.3.3.5.3 Thrust Chamber Clus te r  Assembly. - Wires f r o m  t h e  

TCA's  contained within t h i s  c lus t e r  s h a l l  be p i g t a i l e d .  Length of 
in s t ruzen ta t ion  pigtai1.s s h a l l  be six (6) f t .  minimum. 

Wires and Cables. - The wire and cable  used shall be 3.3.3.6 --- 
s u i t a b l e  f o r  continuous opera t ion  a t  633 v o l t s  rms maximum a t  t h e  
envi ronmnts  spec i f i ed  i n  Table 11. 

Thermal Design. - A prime considerat ion i n  the design 3.3.3.7 
of a l l  e l e c t r i c a l  and e l e c t r i c a l l y  operated devices s h a l l  be t h e  t h e r m 1  
e f f e c t  of a space vacuum on r a t ed  and overload c h a r a c t e r i s t i c s  of e l e c t r i c a l  
devices.  The vendor s h a l l  conduct an  ana lys i s  of these  c h a r a c t e r i s t i c s .  

- 3.3.4 Instrumentation. - Provision s h a l l  be incorporated 
t o  m n i t o r  t h e  performance of t h e  equipment during all- phases of i t s  testing 
and operat ion.  

2 1.3.4.1 Exci ta t ion  Voltage. - The following e x c i t a t l o n  
vol tages  w i l l  be suppl ied by G r w a n :  

( a )  28 VIX unregulated.  

3.3.4.2 Inaccess ib le  Areas. - . A s  a design objec t ive ,  l oca t ion  
of  sensors  i n  inaccess ib l e  areas i s t o  be avoided. 

R & L: (FlZght Test)  1.kasurerne-its. - Addit ional  pick- 3.3.4.3 - ~ - -  
up poin ts  s h a l l  be requi red  fx R '; L ( F l i g h t  Tes-)Instrwnentation t o  
be spe:,;fied by Grumman. 

Eng-219C EDP Sheet No.- 13 
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3.3.4.4 Measurements. - The following instrumentation consist- 
ing of the pickup point and the transducers shall be provided by the 
vendor. 

. 

Measurement Expected 
Parameter Range Quantity Response ' 

0-125 psia 16 600 cps Chamber 
Pr e s sur  e 

Injector Housing O°F to +500°F 16 Steady State 
Temper at UT e 

TCA Pair/fiel 0-500 psia 8 330 CPS Inlet Pressure 

TCA Fair/Fuel -75'F to +20O0F 8 Steady State 
Tenperature 

TZA Pair/@xidi zer 0- 500 psia 8 330 CPS. 
Inlet Pressure 

TCA Pair/Oxidi zer -75OF to +200°F 8 Steady State 
Temper a tur e 

3 . 3 .  I+. 4.1 Trensducers. - A l l  transducers shall he selected f r m  --- 
the Grixman instrumentation selection list ( LLI-360-1) or as approved by 
Grur-stm. 
inherent reliability such that they shall not cause m y  functional failure 
of --he equipment, and shall be conpensated such that their capability to 
perforn! the intended function is nDt degraded by the environmental 
cenditizns to which they are subjected. 

The transducers selected f o r  each application shall have an 

3.3.4.4.2 Calibration. - Vendor shall calibrate all transducers 
at recsonable intervals with equipmnt traceable to the National Eureau 
af Stan2ard.s. Calibration procedures and equipljrr,ei;t approved by Grunxan 
shall be u s d ,  

. .  . . .  
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303.5 Control. - Thrust c o n t r o l  shal l  be as spec i f ied  i n  

NAA Spec i f i ca t ion  MCgOl-0004. 

3-4  Propel lan ts  and Fluids.  - 
3.4.1 Propel lants .  - 

Fuel. - The f u e l  s h a l l  be a m i x t u r e  of 50% hyrazine - 3.4.1.1 

J~L-P-27402. 
(n',F!4) and 5O$ unsymmetrical dimethylhydrazine (UDMH) conforming to 

3.4.1.2 Oxidizer.  - The ox id ize r  shall be n i t rogen  t e t r o x i d e  
(€:,S4) csnforming t o  ik11~-~-26539. 

I-iixture Eatio.  - The ox id ize r  t o  f u e l  mixture r a t i o  
-.-- 

3.4.2 
by weight s h a l l  be as spec i f i ed  i n  NAA Spec i f i ca t ion  I4C9Ol-0004. 

3.4.3 -=-A- Tenmerature - Propel lan t  temperature s h a l l  be as 

3.k.4 

spec i f ied  i n  Table 11. 

Pressure.  - The FS/TCA s h a l l  be designed t o  opera te  
with p rope l l an t s  pressurized t o  the fol lowing c h a r a c t e r i s t i c s :  

( a )  

( b )  

( c )  

3.4.5 

181 + 4 p s i a  regulated pressure.  

191 p s i a  (mximum) a t  regula tor  lock-out.  

253 p s i a  (maximurr.) a t  r e l i e f  s e t t i n g  operat ion.  

- 

Leakage. - In t e rna l  leakage of t h e  system f l u i d s  under 
operz t ing  and non-operating pressures which w3uld i r q a i r  or endanger system 
=pera t ion  s h a l l  no t  be perrriitted. 
no t  be perrrLtted under operat ing and non-operating pressures  e i t h e r  during 
g i - s ~ n d  checkmt  or operatior,.  
seal si-ail be i n  accordance v i t h  the  requirements o f  IjTAA Spec i f i ca t ion  

External  leakage of  propel lan ts  s h a l l  

Leakage across  t h r u s t  chamber valve p p p e t  

KT531-3224. 

2.4.6 Lubricants.  - There s h a l l  be no lub r i can t s  used. 

I r o p e l l z n t  I-rains. - "he conponents s h a l l  be designed -- 3.h.7 -___ . . .  
-C^J r:-i-?:m ;r, i'luici eri trapxri? for any i n s t a l l e d  a t t  i t u d e .  
s h a l l  provide for f l u i d  r e m v a l  by dry  gas and/or l i q u i d  purging. 

The c;xponent 

. EDP Sheet No.- 15 
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3.5 Environmental and Load Factors .  - The h p e l l a n t  
System and Thrust  Chamber Assemblies s h a l l  be requi red  t o  meet a l l  t h e  
requirements of t h i s  spec i f i ca t ion  d u r i n g  and after exposure t o  t h e  
combined environment spec i f i ed  i n  Table I1 or  Table I11 as appl icable .  

3.591 . Radiat ion Environment. - Charged p a r t i c l e  and 
electromagnet ic  r a d i a t i o n  o r ig ina t ing  from t h e  sun and o the r  celest ia l  
sources,  s h a l l  be cons.idered i n  the design of the PS/TCA. ‘The vendor 
s h a l l  n o t i f y  Grumman of any items which may be adversely affec%ed. 

3.6 Fabricat ion.  - 
3.6.1 Katerials. - In t h e  s e l e c t i o n  of materials and 

processes ,  f u l f i l l m e n t  o f  m j o r  design requirements shall be t h e  prime 
Consideration. bhterials se lec ted  s h a l l  be sub jec t  t o  Grcman review. 

M s s t n 4 l a r  Xetals. - Dissimilar metals s h a l l  not  be 
used i n  in t imate  contac t  un less  su i t ab ly  pro tec ted  aga ins t  e l e c t r o l y t i c  
cor ros ion .  When it i s  necesszry t:, assemble any combination of dissimilar 
metals ,  an approved in te rpos ing  mater ia l  compatible t o  each as w e l l  as 
t h e  entrFronment s h a l l  be used. Some sf t h e  mare c o m n l y  used dissimilar 

- 3.6.1.1 

rcetals are defined i n  t h e  fo l lov ing  groups. 

GROUPING OF NETALS 

Grmp I Xagnesium and i t s  a l l o y s  
Aluminum a l loys  5052, 53 6063. 

Group I1 Aluminum and i t s  a l l o y s  including aluminum 
a l l o y s  l i s t e d  i n  Group I. 

Group I11 I ron ,  Leak and Tin and t h e i r  a l l o y s  (except  
s ta idess  s tee l )  

Group I V  Copper, ck.,roniun, n icke l ,  ( inconel  ) , silver,  gold ,  
platinum, tltanium, cobal t  and rhodium and t h e i r  
a l h y s ;  stst inless steels and graphi te .  

(a) Con-cact betveen a Enber of’ any m e  group and another nember 
of t h e  same group s h a l l  be considerel? as similar. Contact 
betmeen a member of  m e  group and a uember of any o ther  group 
s h a l l  be considered as d i s s i m i l a r .  

-. ”- 
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. .  3.6.1.1 ( Continued) 

Group IV (Continued) 

(b) Unless specifically approved by Grumman, all other metals shall 
be considered dissimilar with respect to each.other and with 
respect to any of the materials listed above. 

The above grouping is intended to serve as a guide in selecting 
materials, and shall not be construed to waive other requirements 
of this specification pertaining to corrosion resistance of 
components and assemblies. 

IJhere reference is made to a metal in a particular group, the 
reference applies to the metal on the surface of the part; 
i.e., gold means gold wire, as well as gsld electroplate. 

Different metals in contact, even though similar, shall be 
employed in assemblies in such manner than the smaller part 
is cathodic or  protected and the larger part is anodic. 

Qualified standard parts and attaching hardware, which are 
cadium, silver or nickel plated, etc., may be used without 
additional protection provided the finish thereon, is acceptable 
to Gruman, and adequate protection against corrosion is 
afforded . 

(c) 

(d} 

(e) . 

(f) 

3.6.1.1.1 Protection Against Electrolytic Corrosion. - Where 
it is necessary that any combination of dissimilar metals, be assembled, 
the following nethods cr combinations of methods shall be emploued for 
the alleviation of electrolytic corrjsion, unless other design considera- 
tions preclude the employment of such methods. 

(a) Interp3sition of a material compatible to each to decrease 
electrolytic potential differences, such as nickel or silver 
plate on steel in contact with inconel. 

Interposition of an inert material between the dissimilar 
metals to act as n 1 7 i ~ ~ h i n i c a l  and lnsii laiing barrier. 

( b )  

Eng-279~ I'( EDP Sheet No.- 
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3.6.1.1.1 ( Continued) 

(c) Design of dissimilar metal or similar metal contacts, in 
order that the area of the cathodic metal is relatively 
smaller than the area of the anodic metal, such as screws, 
of stainless steel or nickel plated brass in the contact 
with aluminum. 

3.6.2 Processes. - A l l  processes, processing equipment and 
certification o r  processing personnel shall be subject to Grmmman approval. 

3.6.2.1 QAality, - When non-governmental specifications 
are used for processes which may affect performance, reliability or 
durability of the PS/TCA such specifications shall be approved by 
Grman. The use of non-goverrmental specifications shall not constitute 
waiver of inspection. 

3.6.2.2 Worhianship. - The warkrrianship and finish shall be 
of sufficiently high grade ta insure satisfactory operation, reli'ability 
and durability consistent with the service life and application of the 
PS/TCA. 

3.6.3 Standards; - 
3.6.3.1 Parts. - AN, IG, JAN, or MIL standard parts shall 

be used Tiherever they are suitable for the purpose, and shall be identified 
by their standard part numbers. 
be approved by Gruman only when standard parts have been determined 
to be unsuitable. 

The use of non-standard parts will 

3.6.3.2 . Design. - Ei and AID design standards sha.11 be used 
vherever applicable. 

3.6.3.3 Joints. - Particular attention shall be paid to the 
develq-jment of high reliability, le& prmf methods of joining the fluid 
'system lines to the ES/TCA componepts. 
restraints affectillg the method of joining will be defined by Grumn. 
Final canfiguration of the line attachment provisions on each of the 

Installation configuration 

nr- l m n n  d l  i ~ i t i  co1:ipmerlis is subject to Grumman approvai. 

Eng-279C 
~~ 
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3.6.4 
minimize t h e  need f o r  s p e c i a l  t o o l s  f o r  maintenance and servicing 
of the  FS/TCA. When s p e c i a l  tools  are required,  t h e i r  need s h a l l  
be sub jec t  t o  Gruman approval. 

Special  Tools. - The design of t h e  PSJTCA s h a l l  

Iden t i f i ca t ion  of F'roduct . - 
Assemblies. - Permanent s e r i a l i z a t i o n  of a l l  major 

components s h a l l  be accomplished during mnufac ture .  
of  components s h a l l  be @ccoq l i shed  with nameplates o r  o the r  s u i t a b l e  
means. 
s h a l l  be repkesented i n  accordance with MIL-STD-130: 

3.7 -I 

3.7.1 
I d e n t i f i c a t i o n  

I n  cases where nameplates are employed, t h e  following information 

Item Name 

P r i m e  Contractor Spec i f ica t ion  Control, hawing  No. 

Stock No. 

Contract No. 

Inspect ion S e r i a l  No. 

Manufacturer's Par t  No. 

74anufacturer's Name 

Manufacturer ' r  S e r i a l  No., 

Assembly Date 

U.S. 

397.2 Components..- Components s h a l l  be c l e a r l y  marked 
as f o l b w s :  

S e r l a l  No. 

Stock ND. 

i .hnufncturer  ' s Pa r t  k. 



S P E C I F I C A T I O N  Date: 4-29-66 

Page: 19 

R e l i a b i l i t y  Requirements. - 
Nunerical Re l i ab i l i t y .  - The p robab i l i t y  of success- 

3.8 - 

3.8.1 
f u l  opera t ion  of one t h r u s t  chamber assembly shall be as spec i f i ed  i n  
NAA Spec i f ica t ion  MC 901-0004 for  completion of t h e  performance requi re -  
ments as de ta i l ed  i n  Para. 3.2. "he p r o b a b i l i t y  of successfu l  opera t ion  
of one c l u s t e r  mount assembly and assoc ia ted  instrumentat ion and f i l t e rs  
s h a l l  be .999999 f o r  completion of the  performance requirements as 
de ta i l ed  i n  Para. 3.2. 

3.8.2 Safety.  - The p roba%i l i ty  of s a f e t y  goal s h a l l  be 
.999999 f o r  completion of  t he  mission without ca t a s t roph ic  failures 
such as engtne explosion or propel lant  leakage causing damage t3 o t h e r  
subsystems . 

Cmra t iona l  F ro f i l e .  - The r e l i a b i l i t y  requirements - ______ 3.8.3 
of 3.8.1 and 3.8.2 sk i l l  be based on t h e  mission p r o f i l e  i n .Tab le  I V  
arid envi.ronmenta1 condi t ions of Table I1 or  Table 111 as appl icable . '  

4 QUALITY ASSTURA?JCE PBOVISIONS 

4.1 General. - This sec t ion  of t h e  s p e c i f i c a t i o n  e s t a b l i s h e s  
genera l  t e s t  requirements and procedures t o  be followed during the  
Propel lan t  System and Thrust Chamber Assemblies ( FS/TCA.) t e s t  r romam. 

L V  

The vendor m y  propose addi t iona l  t e s t s  t o  f u r t h e r  increase  t h e  
e f f ec t iveness  of t h i s  program. 
condi t ions will evolve and be approved by C-ruman based upon f u t u r e  
vendor and Grurman study and develqment e f f o r t s .  %,e tes t  program 
shall cgns i s t  of the  f o l l m i n g  t e s t  ca tegor ies :  = 

Changes t o  s p e c i f i c  tests and t e s t  

( a )  lkvelspment Tests 

( b )  Component Quai i f lea t ion  Tests 

( c )  System Design Ver i f ica t ion  Tests 

( d )  Acceptance Tests 

20 
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4.1.1 Witnesslng of Tests. - Grumman's r e s i d e n t  Engineer 
s h a l l  be provided with a l l  t e s t  s chedu les ' fo r  this program so t h a t  a 
r ep resen ta t ive  may be designated t o  witness t h e  tests. 

4.1.2 Criteria f o r  Rejection. - Criteria f o r  r e J e c t i o n  
of a tes t  specimen s h a l l  be s t a t ed  i n  t h e  acceptance t es t  spec i f i ca t ion .  
I n  genera l ,  any degradation i n  performance beyond s p e c i f i e d  l i m i t s - s h a l l  
be cause f o r  r e j  

4.2 Test F a c i l i t i e s .  - Private, commercial or g o v e r m n t  
t e s t  f a c i l i t i e s  may be used subjec t  t o  Grurmnan approval. 

t e s t  f a c i l i t y  o r  chamber s h a l l  be o f  a s u f f i c i e n t  s i z e  and volume such 
t h a t  t he  item under t e s t  s h a l l  not i n t e r f e r e  with t h e  genera t ion  and 
maintenance of t h e - r e q u i r e d  t e s t  condition. 

- Environment& Test F a c i l i t i e s .  - The environmental --- --- 4.2.1 

Standard Conditions. - Tests  conducted without u t i l i z i n g  - 4.2.2 
s p e c i a l  environments s h a l l  be conducted under the' following conditions:  

( a )  Temperature l o c a l  ambient 

( b )  Rela t ive  -Humidity: h e a l  a t m s p h e r i c  

( c )  Baroxetric Pressure: h e a l  atmospheric 

4.2.3 Instrumentation Cal ibra t ion .  - All i n sp  c t i o n  measuring 
and tes t  equipnent shall  be ca l ib ra t ed  a g a i n s t  cer t i f ied  secondary standards, 
which have been c a l i b r a t e d  aga ins t  primary s tandards  by t h e  National Bureau 
of  Standards 31 an a c c e p t e d - t e s t i n g  organiza t ion .  
s h a l l  be proposed by t h e  vendor and be sub jec t  t o  approval  by Grumman. 
Records s h a l l  be m i n t a i n e d  ind ica t ing  t h e  da t e  of  l a s t  c a l i b r a t i o n  and 
due date .  The due da te  s h a l l  be displayed an each i tem of inspec t ion ,  
neasuring, and t e s t  equipment ar t oo l s .  
provided f o r  pe r iod ic  o p e r a t i m a l  checks on each i t e m  of inspec t ion ,  
m a s w i n g ,  and t e s t  equipment pr ior  t o  use  ( e .g . ,  i i a rmp and s e t t i n g  of 
e l e c t r o n i c  instruments, and check o f  micrometers a g a i n s t  shDp s tandards) .  

The c a l i b r a t i o n  i n t e r v a l s  

T e  procedures and mPans s h a l l  be 
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4.2.3.1 Tolerances. - 
( a )  Test Equipment - All measurements of t es t  conditions s h a l l  be 

made w i t h  instruments having an accuracy of a t  l e a s t  one f i f t h  
t h e  t o l e r a n c e  f o r  t h e  va r i ab le  t o  be measured. 
from t h i s  requirement s h a l l  have approval by Grumman. 

Test Conditions - The maximum allowable to l e rances  of test 
conditions (exc lus ive  of accuracy of  instruments) shall be 
spec i f i ed  f o r  each test. 

(1) Temperature : 

(2)  S inusoida l  Vibration' Amplitude: 

( 3 )  S inusoida l  V i b r a t i o n  Frequency: 

(4 )  Random Vibration: The v i b r a t i o n  acce le ra t ion  dens i ty  

- 
Deviations 

( b )  

Acceptable values are: 

+ -10% 

+ 2% 
- 
- 

applied t o . t h e  tes t  i tem shal.1 be  with in  2 3 db of t h e  
spec i f i ed  tes t  l e v e l  over broad r e g i o n s * o f  t h e  spectrum 
betveen 20 and 1903 cps and + 4 db between 1030 and 2000 cps. - 

( 5 )  Shock Amplitude: 

. (6)  Accelerat ion 

( 7 )  Pressure: 

Barometric 
Gauge 
Vacuum 

(8) Rela t ive  Humidity: 

( 9 )  Time: 

+ 55 
. + 5% 
- 
- 
a - c e l l  9 pad D + 5% 
b - other:  less Than 
1 x 10'5 mm Hg 

+ 54'3 - 

- + 5% 

c 
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S P L C l F I C A T I O N  

4.2.3.1 (Continued) 

( b )  (Continued) 

(10) Simulated Thermal Radiation: Inc ident  thermal r a d i a t i o n  
(0.3 t o  2.0 microns) s h a l l  be simulated w i t h  s u f f i c i e n t  
p rec i s ion  sa t h a t  the energy absorbed by the  receiving 

. body i s  w i t h  + 58 of t h e  energy expected t o  be absorbed 
from t h e  applTcable c e l e s t i a l  body or other  s3urce.  
The vendor s h a l l  ve r i fy  t h e  ca l ib ra t ion ,  collimation,. 
uniformity of f i e l d  and s p e c t r a l  d i s t r i b u t i o n  of all 
simulators  t o  t h e  s a t i s f a c t i o n  of Grumman. 

(11) Black Space: Space s h a l l  be simulated by chamber cold 
walls a t  l i q u i d  nitrogen temperature o r  colder .  
errfittance o f  t h e  chamber walls shall  be a t  least 0.90 
over the  ' in f rz red  por t ion  of t he  electromagnetic spectrum. 
Chamber windows, uncooled doors, e t c  . , s h a l l  not appear 
i n  t h e  f i e l d  of view of t h e  equipment due t a  t h e  large 
t h e m i  e f f e c t s  which r e s u l t .  

The 

8 

(12)  Power: A s  required. 

( 13 ) \[eight : + 1/2 percent  - 
1.5unting Adapters. - The mun t ing  adapters  s h a l l  - k . 2 . k  

e,xpose t h z  i t e m  under t e s t  t o  the  t e s t  environment i n  a manner t h a t  
i s  r ep resen ta t ive  of  t h a t  i n  which it w i l l  be exposed i n  the  LET4 System. 

Test Procedures. - 

Shock. - The shock t e s t  s h a l l  be conducted i n  accordance 
s r i t h  :.IIL-STD-813, Xethod 516, Procedure I, modified t o  a sawtooth shock 
pulse 1:ith a l i n e a r  r ise  t i m e  of 11 + 1 millisecond and a 1 + 1 millisecond 

a t  t h e  rrmmting i n t e r f a c e  of t he  t e s t  u n i t .  
under star;dard condi t ions of  4.2.2. 

- 4.3 

4.3.1 

dcray tire. Tie r?easurerent of the - shock input  s h a l l  be accsmplished 
T h e . t e s t  s h a l l  be conducted 
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4.3.2 Vibration. - The tes t  u n i t s  s h a l l  be a t t ached  t o  a 
m u n t i n g  adapter  in: manner i d e n t i c a l  with t h e  actual. munting of t h e  
t e s t  u n i t  i n  t h e  spacecraf t .  
t h e  t h r e e  mutually perpendicular d i r ec t ions  p a r a l I e l  t o  t h e  spacec ra f t  
x-x, y-y and z-z  coordinate axes, defined i n  Figure 3. 
equipment under t es t  i s  munted  d i r e c t l y  t o  p r i m r y  s t r u c t u r e ,  s p e c i f i e d  
v i b r a t i o n  inpu t s  shall be appl ied  and m n i t o r e d  a t  t h e  attachment of 
secondary s t r u c t u r e  t o  primary s t ruc tu re .  
vendor e i t h e r  design information for  use i n  f a b r i c a t i n g  supports,  o r  
t h e  a c t u a l  supporting secondary s t ruc tu re .  
where o the r  t e s t  input  nethods are no t .p rac t i ca1 .  

The v i b r a t i o n  s h a l l  be accomplished in 

Unless t h e  

G r m n  w i l l  supply t h e  

S l i p  tables m y  be u t i l i z e d  

A complete lDg o f  each v i b r a t i a n  tes t  s h a l l  be maintain- 
ed, inc luding  a l l  resonant frequencies, instrumentation used, design 
changes Fade, and a d e t a i l e d  account of t h e  performance of t h e  equipment 
under t e s t .  I n  attempting t o  equalize t h e  v i b r a t i o n  input  or i n  t h e  
determinat ion of specinen or f i x t u r e  resmances ,  i t  may be necessary t o  
aFply some v i b r a t i o n  energy t o  the tes t  u n i t  p r i o r  t o  a c t u a l  t e s t .  I n  
such cases  t h e  rms-g value s h a l l  be kept t o  a minimum and i n  any event 
s h a l l  nDt exceed 5O$ of t h a t  required during t h e  a c t u a l  t e s t .  All 
v i b r a t i o n  tests w i l l  be conducted under both high and lo11 temperature 
v h i l e  undergoir,g t h e  v i b r a t i o n  requirements. 

4.3.2.1 
specinen on t h e  shaker headTha l1  be capable of t r ansmi t t i ng  t h e  v ib ra t ions  
spec f f i ed  he re in .  
a r e  f r e e  of resonances wi th in  t h e  t e s t  frequencies.  I n  any event,  resonant 
f r equenc ie s  of f i x t u r e s  compensated for t e s t  specimen mass s h a l l  be above 
750 cps. 
by these  f i x t u r e s  s h a l l  not  exceed t h e  v i b r a t i o n  l e v e l s  specified herein. 
The recuirements  ou t l ined  above shall be v e r i f i e d  by a s inuso ida l  
v i b r a t i o n  t e s t  si,.;eep using a d i ; ' ~ ~  s p e c i m n  of proper  mass. 
i n p u t  s h a l l  be m2nitored with m i - a x i a l  accelerometers. 

Vibration Fixtures.  - The fixtures holding t h e  t es t  

It s h a l l  be a design ob jec t ive  t h a t  t h e s e  f i x t u r e s  

The t r ansve r se  m t i o n  ( c r o s s t a l k )  i n  any d i r e c t i o n  produced 

The v i b r a t i o n  

S inusoida l  Vibration. - The v i b r a t i o n  input  l e v e l s  - 4.3.2.2 
s h a l l  be masured  at  or near each t e s t  u n i t  nounting loca t ion .  
r a r e  than  four mmnting l o c a t i m s  e x i s t ,  only fsur p o i n t s  need be 
imiii tored. 
can be used as t h e  servo con t ro l  input provided t h a t :  

Wherever 

Any acce leroxeter  festened a€ one of t h e  mmnting l o c a t i o n s  

24 EDP Sheet No.- Eng-279C 
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4.3.2.2 ( Continued) 

( a )  The con t ro l  i n p u t  maintains levels a t  t h e  t e s t  frequency 
wi th in  + 3 db of  t h e  requirements. 

The level ‘at any inpu t  l o c a t i o n  i s  with5n 3. 4 db of the 

- 
(b) requirements a t  a l l  frequencies. - 

( c )  The average of a l l  inputs a t  each tes t  frequency is  wi th in  
+ 2 db  of t h e  requirements. - 

Exceeding the lower limits of t h e  above to l e rances  
w i l l  be cause f o r  r e j e c t i o n  of the del inquent  p o r t i o n  o‘f t h e  tes t  and 
w i l l  necessitate rerunning of t h a t  part  of t h e  v i b r a t i o n  t es t ;  The 
recording of  t h e  accelerometer output s i g n a l s  s h a l l  be accomplished 
3n  a continuous recording device,  e.g., magnetic tape ,  osc i l lograph ,  
e t c .  
t h e  complete wave form of t h e  s igna l  m y  be examined and analyzed. 

Eandcm Vibration. - The v i b r a t i o n  i n p u t  shall be 
cont ro l led  from t h e  saxe accelerometer as used t o  c o n t r o l  s inuso ida l  
v i b r a t i m  tes ts .  The spectrum a t t e s t  l e v e l s  s h a l l  be analyzed and a 
p l o t  of  a c c e l e r a t i o n  s p e c t r a l  dens i ty  (g*/cps) versus  frequency s h a l l  
be c o q l l e d  for each random t e s t .  
maximum bandwidth of l / 3  octave or 100 cps,  whichever i s  less. 

- 

The recorder  s h a l l  have s u f f i c i e n t  response c a p a b i l i t y  such t h a t  

--- 4.3.2.3 

The analyzing f i l t e r  sha l l  have a 

Resonance Search. - A s inuso ida l  resonance search  s h a l l  -- 4.3.2.4 
be coniiucted a t  ha l f  3r less of the requi red  s inuso ida l  q u a l i f i c a t i o n  
t e s t  l e v e l s  befrjre ar,y por t ion  of t h e  v i b r a t i o n  t e s t  i s  conducted. 
f requecc ies  and v i b r a t i o n  amplif icat ions shall be noted i n  t h e  t e s t  log, 
The v i b r a t i o n  anrplificatiDn of any p r t i o n  o f  t h e  equipment s h a l l  be i n  
accordance with 3.3.1.1.1. 

Resonant 

Sustained Acceleration. - The tes t  u n i t  s h a l l  be 

The t e s t  apparatus  s h a l l  be of 

4.3.3 -- 
nioui:ted on t h e  t e s t  apparatus  ( cen t r i fuge )  i n  such p o s i t i c n s  as t o  
px’CYice the rea_Elred acce lera t ions .  
sd;.2i size t h a t  t h e  grad ien t  ac r s s s  t h e  t e s t  i t e m  s h a l l  no t  be g r e a t e r  

-+ 1 5  percent  of t h e  input acce lera t ion  through t h e  c.g. of t h e  t es t  - 
- TLF t e s t  s h a l l  be i-clil a t  standard condi t ions.  

B -- 
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4.3.4 Proof Pressure. - (Proof pressure  test shall be 
conducted on all components. which conta in  f l u i d  pressure.  ) 
s h a l l  be imposed on t h e  vessel and held f o r  a t  least 2 minutes. 
o f  deformation adversely a f f ec t ing  opera t ion  or permanent set shall be 
cause f o r  rejection. 

Proof pressure 
Evidence 

4.3.5 Burst Pressure.  - (Burst tes t  s h a l l  be conducted on 
a l l  components whit% conta in  pressure. )  The minimum burs t ing  pressure 
s h a l l  be 1*50 times the proof pressure.  The rate of app l i ca t ion  s h a l l  
be i n  increments equal  t o  10  percent  of t h e  b u r s t  p ressure  u n t i l  proof 
p re s su re  i s  reached, then i n  increments of  5 percent  burs t  pressure f o r  
a per iod of  15 seconds m i n i m .  
i n i t i a l  y i e l d  of t h e  mater ia l  s h a l l  be determined where p r a c t i c a b l e  
and t h e  b u r s t  p ressure  recorded, toge ther  wi th  a desc r ip t ion  of t h e  
na tu re  of  t h e  f a i l u r e .  

W i n g  these  tes ts ,  the p r e s s m e  causing . . 

'i"nerrna1 Vacuum. - The t e s t  i t e m  s h a l l  be placed i n  a -- 4.3.6 . 

vacu1m chamber and subjected t o  the pressure  spec i f ied .  The vacuum s h a l l  
be  maintained f o r  t he  t o t a l  p e r i o d  of t h e  t e s t .  
t h e  i t e m  s h a l l  be subjected t o  the high and low temperature condi t ions o f  
t h e  t es t .  
hea t  s l n k  sur face  of  t h e  specimen a t  t h e  va lues  spec i f ied .  A l l  sides 
of t h e  t e s t  item including t h e  heat s ink  i n t e r f a c e  and any i n s u l a t i o n  
shall s i r x l a t e  t h e  ac't.t;al i n s t a l l a t i o n  so t h a t  t h e  heat  t r a n s f e r  environ- 
ment i s  reasonably dupl icated.  
a t  t e s t  temperature s h a l l  be measwed. 
t e s t  i t e m  s h a l l  be continuously ope ra t ed  during t h e  t es t  and i t s  performance 
msn5tored. 
2nd e x t e r n c l l y  t o  c iemnstrate  t ha t  t h e  thermal grad ien ts  and component 
t c q . e r a t u r e s  are acceptable.  

While under vacuum, 

The t e rpe ra tu re  s h a l l  be maintained and monitored on t h e  

The thermal d i s s i p a t l o n  of t h e  equipment 
Unless otherwise spec i f i ed ,  t h e  

Temperature probes shall be loca ted  i n t e r n a l l y  i n  t h e  equipnent 

I3TE:  Tne limits of t h e  t e s t  f a c i l i t y  w i l l  govern thermal vacuum 
t e s t i n g  f a r  the c lus t e r s .  

4.4 C l a s s i f i c a t i m  o f  Tests. - 
4.4.1 C3velopnent Tests. - Development t es t s  are those  -- 

is :onc+xted f o r  t h e  purpose of prcxlding da ta  f o r  use i n  t h e  design 
L L L  LILY desFgn or" a s p e c i f i c  component, s ec t ion  or  subsystem. _ r  -_L I I  
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4.4.1 ( Continued) 

Development tests m y  be used t o  determine opera t ing  charac te r i s tYcs  
under off-design condit3ons. Tes t - to- fa i lure  type development t es t s  
can provide f a i l u r e  node and weak l i n e  c h a r a c t e r i s t i c s  f o r  ver i f icat ion 
of analyses  and d e t e r w n a t i o n  of s t r e n g t h  margins. The vendor s h a l l  
prepare a development t e s t  plan sumnary f o r  review by Grumman. 
ment tests s h a l l  include:  

Develop- 

(a) Coqonent  Development Tests 

( b )  System Development Tests 

Compnent Developnent Tes ts .  - C o q x e n t  development - ~ 

4.4.1.1 
tes ts  s h a l l  include a l l  tes ts  conducted f o r  t h e  p u r p s e ' c f  component and 
si2bassembly design and Eater id .  s e l ec t ion ,  and f o r  t h e  inves t iga t ion  of 
ccrr?por,ent and subasseddy  p e r f o r m m e  c h a r a c t e r i s t i c s .  

Ih r ing  system development t e s t i n g ,  procedures f o r  
c leaning and f lu sh ing  t h e  systerr. m d  techniques f o r  propel lan t  loading 
shall be evaluated. 
c ,nTigurat ions.  

T'nere s h a l l  Le a m i n i m  of  two development system 

( a )  Configuration number orin sha l l  c o n s i s t  of a standard vendor 
. s1.i.Fplied Fressur izn t ian  system u t i l i z i n g  e i t h e r  n i t rogen  or  

keliur? 2s the  gas pressvrent an:! vendor s-Jgplied developnent 
hardvare f o r  t h e  propel lant  feed system and t h r u s t  chamber 
assemblies.  

C g n f i g x a t i o n  num%er t i i o  s h a l l  c m s i s t  of advanced s tage  
vendor developnent coxTonen-r;s f o r  t h e  purpose of conducting 
system i n t e g r a t i o n  tests i r i th  GKEC supplied :!elium b e s s u r i z a t i o n  
System (HE) and propel lant  tanks.  

( b )  

L.k.1.2 ---__- Systen C3velsynent T e s t .  - Ddring system development 

Tcr p rose l l an t  - -  loading shall Le evaluated. There s h a l l  be a minimum of  
tes- '  L ' - - -y ,  ,-,e pracedllres T D r  c l e a ~ i c g  and f lush%ng t h e  system and techniques 

i. e-d-elq,r,ent system csnfigurat ions . 
( 2 )  ;c$:ifi,-+ratisn fi 'c snr; s h a l l  c z n s i s t  of  a standard vendor 

preczui5, :a t icn system u t i l i z i n g  e i t h e r  n i t rogen  o r  
s the &as preszQrant  and vendor supplied development 

J Zsr TI,? p :TcLkr- t  feed system and t h r u s t  chamber 
? -:eTl-%-ieF. 

....-a . ,- 
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4.4.1.2 ( k n t  inued ) 

‘ (b) Configuration number two s h a l l  cons i s t  of advanced stage 
vendor development components f o r  t h e  purpose of conducting 
system i n t e g r a t i o n  t e s t s  w i t h  Grumman supplied H e l i u m  Pressuriza-  
t i o n  System (HPS) and propel lan t  tanks. 

4.4.2 Component Qua l i f i ca t ion  Tests.  - 
4.4.2.1 General. - Qualif icat ion t e s t s  a r e  tests which are 

conductkd on samples i d e n t i c a l  t o  produetion PS/TCA components. 
t e s t s  shall be conducted on a s i n g l e  specimen f o r  each component. Prior 
t o  t h e  start  of t he  q u a l i f i c a t i o n  t es t  program each test u n i t  s h a l l  
undergo acceptance tes ts  i n  accordance with 4.4.4 of t h i s  spec i f i ca t ion .  
All E / T C A  components r equ i r ing  qua l i f i ca t ion ,  inspeet ion,  and t e s t i n g  . 
as spec l f i ed  herein may have these requirements waived a t  t h e  opt ion  
of G r m a n  i f  t he  component has been previously qua l i f i ed  a t  t h e  same 
ar higher  l e v e l  f o r  se rv ice  use  on another  vehicle .  These componenty 
must be s u b s t a n t i a l l y  i d e n t i c a l  t o  t h e  respec t ive  components previously 
q w l i f i e d .  
cmponeats  for which previous approval was obtained s h a l l  be provided. 
The vendor s h a l l  prepare a separate  Q u a l i f i c a t i o n  &-tail Test  p lan  f o r  
each conponent and submit it t o  Grumrmn for approval p r i o r  t o  t h e  start  
o f  Q u a l i f i c a t i o n  Tests .  Qcal i f icat ion T e s t s  w i l l  be condxcted on t h e  
f i l t e r  only.  Fuel and ox id ize r  conpnents ,  t h a t  a r e  i d e n t i c a l  with t h e  
exception of sFec ia l  compat ibi l i ty  p r n i s i o n s ,  nay rece ive  a ccmbined 

These 

If such a va iver  i s  granted, de t a i l ed  i n f o r n a t s f i o n  t h e  

q u a l i f i c a t i m  tes t  sub jec t  t c t  Grumnlan approval. ---/ 

Coiny~nent  Inspect ion Before Tests.  - All E / T C A  
cmpor,cnts s h a l l  be-cmpletely inspected f o r  compliance with the  approved 
drarirings and spec i f i ca t ions  before q u a l i f i c a t i o n  t e s t i n g  i s  begun. 
I k f e c t i v e  p a r t s  s!?a11 not  be used on any E-S/TCA component subjected t o  
qLTz15fication t e s t s  unless  drawing o r  s p e c i f i c a t i o n  devia t ions  
E L ? ~ I * G V C ~  by Grumnian Engineering. 

- 4.4.2.1.1 

have been 

I 
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4.4.2.1.2 -. Component Inspection After Tests. - Upon completion 
of t h e  Qual i f ica t ion  Test t h e  component shall be subjected t o  a d e t a i l e d  
inspec t ion  of a l l  v i t a l  working pa r t s ,  t h e  e x t e n t  of disassembly s h a l l  be 
determined by Grwmnan inspec to r s .  
a n  inspec t ion  r e p o r t  shall be submitted t o  Grumman. . 

If any part i s  found t o  be de fec t ive  

4.4.2.2 Tests.  - The procedure f o r  each environmental exposure 
for a l l  tests s h a l l  be as follows: 

( a )  

( b )  

( e )  

4.4.2.2.1 Environment. - The p rope l l an t  i n l e t  f i l t e r  s h a l l  be 

Pre-exposure examination and ope ra t iona l  t e s t  as  required.  

Exposure t o  environment and ope ra t iona l  test  as required.  

Past-exposure examination and ope ra t iona l  t e s t  as required. 

subjected t o  t h e  t e s t s  l i s t e d  below and t h e  condi t ions  of Table VIIS 

( a )  Vibration, using the procedure of para .  4.3.2. 

( b )  Shock, us ing  t h e  procedure of para.  4.3.1. 

Acceleration. 

4.4.2.2.2 Fluid Csrripatibility. - The e f f e c t s  on components of 
t h e  chemical ac t ion  of the propel lan ts  wi th in  t h e  s p e c i f i c a t i o n  terrperature 
limits of t h e  p rope l l an t s  as wel l  as t h e  e f f e c t s  of aging wi th  p rope l l an t s  
drj-lng i n  a i r ,  contac t  v i t h  vapors, or t h e  w x s t  combination thereof ,  
s h e l l  be determined, and accep-tance c r i t e r i a  s h a l l  be proposed i n  t h e  
test plan. The t e s t  conditions s h a l l  simulate as c lose ly  as p rac t i cab le  
those enccuntered i n  t h e  a c t u a l  appl ica t ion .  This t e s t  s h a l l  inc lude  
aging of each component with t h e  f l u i d  with which it i s  t o  be used, f o r  
a period of approxipately (44 )  days, and t h e  l a s t  seven days under pressure  
which t h e  component trill be ssbjected t o  a normal m2ssion operation. 

29 . -  
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4.4.2.2.3‘ S t a t i c  Leakage. - A l l  components s h a l i  be t e s t e d  f o r  
s t a t i c  leakage s t a r t i n g  a t  zero d i f f e r e n t i a l  p re s su re  and inc reas ing  at 
a rate cons i s t en t  wi th  normal use  t o  t h e  MEOP. 

Proof Pressure. - All components s h a l l  be t e s t e d  at 4.4.2.2.4 
t h e  proof pressure  spec i f i ed  i n  Section 3 and i n  accordance wi th  the 
procedure of 4.3.4. 

4.4.2.2.5 J3mst Pressure. - All components which conta in  p re s s  
s h a l l  be sub jec t  t o  t h e  burs t  pressure i n  accordance wi th  4.3.5. 

4.4.2.2.6 E l e c t r i c a l  Tests. - All e l e c t r i c a l  co 
be tested according t o  MIL-STD-292, Methods 3Ol a 

4.4.2.2.7 Functional. - A Yunctioaal tes t  s h a l l  c o n s i s t  of the-  
spec i f i ed  number of cycles of operation of t h e  component. S u f f i c i e n t  
measurements s h a l l  be made m e r  the e n t i r e  t e s t  period t o  compare t h e  
most s i g n i f i c a n t  dynamic and s t a t i c  c o n t r o l  func t ions  f o r  each environmental 
condi t ion  under which t h e  test  i s  conducted. 
t h e  var ious  func t iona l  tests s h a l l  be wi th in  t h e  l i m i t s  spec i f i ed .  

Perforniance throughout 

4.4.2.2.8 Calibration. - S u f f i c i e n t  dynamic and s t a t i c  measure- 
ment data shall be obtained- emptrically de f ine  t h e  func t ions  of t h e  
c m p n e n t s  within the  normal operating range inc luding  d i scon t inu t i e s ,  
h y s t e r e s i s ,  and dead bands. 
t e s t l n g  s h a l l  r e m i n  within t h e  performnce l i m i t s  spec i f i ed .  

The r e c a l i b r a t i o n  va lues  determined during 

4.4.2.2.9 

4.4.3 Design Ver i f i ca t ion  Tests.  - 
4.4.3.1 

\?eight. - All PS/TCA components s h a l l  be weighed dry. 

General. - Design v e r i f i c a t i o n  tests are advanced 
stage devehpnent  t e s t s  which are performed t o  demonstrate t h e  proper.  
TjerfxIlidnce 2nd opera t ing  c h a r a c t e r i s t i c s  of t h e  product ion design. 

PS/T2S’s .at sea l e v e l ,  and on t h r u s t  chamber assembly c l u s t e r s  under 
sLrx la ted  a l t i t u d e  conditions.  

EO”” Laign v e r i f i c a t i o n  hot f i r i n g  t e s t s  w i l l  be conducted on complete 
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4.4.3.1-1 Se lec t ion  of Test  L i m i t s .  - Unless otherwise spec i f i ed  
f o r  a p a r t i c u l a r  test ,  the  test  limits for  the design v e r i f i c a t i o n  
tests s h a l l  be as shown i n  Table VI .  

4.4.3.1.2 Pa r t s  Fa i lure  and Replacement. - Maintenance, ad jus t -  
ment, o r  rep lacemenrof  p a r t s  shall not be permitted,  during design 
v e r i f i c a t i o n  t e s t i n g  except as defined i n  t h e  design v e r i f i c a t i o n  t e s t  
plan.  Other changes t o  the  system s h a l l  be a s  mutually agreed upon 
within an 8 hour per iod a f t e r  a request  has been made by t h e  vendor. 

4.4.3.1.3 Inspect ion After Tests .  - A f t e r  completion of  tests, 
ca l ib ra t ions  shall be mde of a l l  cont ro ls  and con t ro l  components p r i o r  
t o  disassembly. These ca l ibra t ions  s h a l l  demonstrate t h a t  t he  components 
a r e  within the  design to le rance  range required.  
then be completely disassembled. Visual examination and measurements 
of a l l  p a r t s  s h a l l  be made. Where p rac t i cab le ,  photographs shal l  be 
taken of a l l  excessively worn, d i s to r t ed  o r  weakened pa r t s .  

The tes t  a r t i c l e s  s h a l l  

4.4.3.1.4 D2sign Verif icat ion Conditions. - Ver i f i ca t ion  of  t he  
FS/T,"A and c l u s t e r  designs s h a l l  be predicated on maintenance o f  a l l  
parameters within the  limits specif ied.  

4.4.3.2 PS/TCA Design Ver i f ica t ion .  - 
4.4.3.2.1 General. - System design v e r i f i c a t i o n  t e s t s  a r e  

coniiucted on a complete PS/TCS with f u l l y  loaded and temperature condi t ion-  
ed Fropel lant  tanks and with a Grumman supplied helium p res su r i za t ion  
system. The system s h a l l  be i n s t a l l e d  on a tes t  stand f ab r i ca t ed  t o  
corr.l;ly with C-rumman d e f i n i t i o n s  of LEM loca t ion  poin ts .  
shall be of q u a l i f i c a t i o n  design, but. within t h i s  c m s t r a i n t ,  previously 
used develspment and qua l i f i ca t ion  t e s t  hardware may be employed where 
p r a c t i c a l  . 

Each component 

4.4.3.2.2 Data Requirements. - The test  system shall be instrumented 
t o  provide a continuous record of t h e  following values:  ,- - 

( a )  Propel lan t  feed pressures t o  each t h r u s t  chamber assembly pa i r .  

(I,) Phomhnrr -----..I- 
- I A ~ C ~ . L ~ L A  p L  casu C .  

/ 

I 
! 
! 

.. 
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4.4.3.2.2 . (Continued) 

(c) 

(d) Primary pressure-regulator discharge pressure. 

(e) Gas pressurization ssurce pressure and temperature. 

(f) Current/voltage for each thrust chamber valve. 

(g) Thrust chamber injector and propellant temperatures. 

(h) Barometric pressure. 

(i) 

Oxidizer and fuel tank pressures. 

Other, as agreeable to Grwmn and the vendor. 

NOTE: Thrust values will be measured indirectly with the 
thrust coefficient characteristics determined from 
individual T;hi-ust chamber assembly tests. 

Using the above measured values, the vendor shall 
derive the thrust coefficient characteristics determined from individual 
thrust chanber assembly tests. 

4.4.3.2.2.1 Fclse ??lode. - The following characteristics shall be 
derived for the first five pulses, the middle pulse and the final pulse 
of each thrust chamber assembly firing series. 

-- 

(a) TQtal impulse per pulse. ' 

(b) Average chamber pressure per pulse.. 

(c) Average thrust per pulse. 

(d) Other, as required to dermnstrate performance. 

32 f ' p-Z7$C 
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4.4-3.2.2.1 (Continued) 

The following characteristics shall be derived from 
a compilation of the first, middle, and final pulses of all applicable 
thrust chamber assembly test series employed in PS/TCA verification 
testing. 

(a) 

(b) 

( c )  

Wtal impulse per pulse vs. pulse width and off-time. 

Average chamber pressure per pulse vs. pulse width. 

Average thrust per pulse vs. pulse width. 

(d) Thrust pulse width vs. electrical pulse width and hardware 
temperature. 

Ilaximum soak-back temperature vs. pulse width and off-time. (e) 

( f ) Other, as required to demonstrate performance. 

4.4.3.2.2.2 Steady State Mode. - The following operational character- 
istics based on the first polnt, rr;id point, and final point of each 
thrust char;lber steady state run sha l l  be derived: 

(a) Total imp;llse of run. 

(b) Thrust 

(c) Other, as required to demnstrate performnce. 
\ The following operatiorial characteristics shall be 

derived from a compilation of all applicable mid-points of each thrust 
chaxber steady state run employed in PS/TCA verification testing. 

(a) Eeviation from design noniinal of chamber pressure and thrust 
vs. oxidizer and fuel temperatWe. 

( b )  Other, as required to demonstrate operational characteristics. 
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4.4.3.2.3 
below l i s t e d  tests which a r e  de ta i led  i n  t h e  succeeding paragraphs of 
t h i s  spec i f ica t ion .  
s h a l l  be spec i f ied  i n  the  de ta i led  t e s t  plan.  The d e t a i l e d  t es t  p l an  
shal l  def ine  t h e  use of t h e  power and emergency c o i l s  of  t h e  t h r u s t  
chamber solenoid valves  t o  demonstrate oper.ational and l i f e  c h a r a c t e r i s t i c s  
of each c o i l .  
approved by Gnumnan p r i o r  t o  the  i n i t i a t i o n  of  PS/TCA design v e r i f i c a t i o n  
t e s t i n g .  
below l i s t e d  "Ground Rules" and " T e s t  Objectives".  

PS/TZA Tests.  - The FS/TCA shall be subjected t o  the 

The number o f  systems employed and order  of tests 

The vendor s h a l l  provide a d e t a i l e d  t e s t  p l an  t o  be 

The formulation of t h i s  t e s t  plan s h a l l  be based upon. the 

- 4.4.3.2.3.1 Ground Rules. - 
( a )  Def in i t ions  - 

(1) Pulse !&de Operation - Pulse width ( T)  i s  equal  t o  
or l e s s  than  one second. 

Steady S t a t e  Operation - Tulse width (y) i s  equal  t o  
or g r e a t e r  than one second. 

Fercent duty cycle ( $  D.C.) equals  pu lse  width x pulse  
frequency ( cps)  x 100. 

(4-) Engine Couples - 7 hngine couples a r e  engines which provide 

( 2 )  

( 3 )  

\ 

a t t i t u d e  cont ro l  about the  x, y or z axis .  
engine cambinations (Ref Figure 2) c o n s t i t u t e  ' 'engine 
csuples":  , 

The following 

f ine$  i on Engina Combinations 

+X At t i tude  Control I V S  - 11s 
+X At t i tude  Control IIIf - I f '  
-X At t i tude  Control . 111s - Is 
-X At t i tude  Control I V f  - IIf 

"Prirrary engine co r3 ina t ims  rrhich are used during normal 
m d e  of  5eac t i sn  Control Subsystem operat ion.  

1 --- 
. .- 4 i ' I 9 C  
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4.4.3.2.3.1 ( Continued) 

(a) (4) (Continued) 

Function Engine Combinations 

+Y Attitude Control 
+Y Attitude Control 

-Y Attitude Control 

11111 - IVd* 
IIu - Id 
IVU - IIId* 
IId - IU -Y Attitude Control 

+Z Attitude Control 
+Z Attitude Control 
-Z Attitude Control 

IVU - Id* 
IIIu - IId 
IVd - Iu* 

-Z Attitude Csntrcl IIId - IIu 
( 5 )  Engine Pairs - Engine pairs are engines which are fed 

through a single (pair) cluster isolation valve. The 
following engine combinations (ref. Figure 1) cmstitute 
"engine pairs" : 

Engine Combinations 

22 t t  T<,t P m  eliant .--.-.__ ------ System "A" Bopellant System 
IVU - IVf IVd - IVS 
IIZd - IIIf 
IIU - 11s 
Id - IS 

IIIU - 111s 
IId - IIf 
Iu - If 

(b) _-_-I hlse Isbde OperatLon - During pulse m d e  operation, engines 
which comprise an "engine couple" shall be operated simultaneously 
and in phase. 
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4.4.3.2.3.1 ( Continued) 

( c )  Steady State Operation - During s teady  s t a t e  operation, engine 
c o w r i s i n g  t h e  following combinatlons s h a l l  be f i r ed  simultan- 
eously: 

J 
Engine Combinations 

"I1 - IVd 
Id  - I I I d  
IVd - I I I d  

" I I U  - I V U  
I u  - I I I U  
I V U  - I I I U  

+Is - 11s 
"111s - I V S  
+IIf - IIIf 
*If - I V f  

I V d  - I I I d  
IVd - I I I d  
IVd - I I I d  
IVd - I I I d  
IVu - I I I U  
I V U  - I I I U  
I V U  - I I I U  
I V E  - I I I U  

- I I d  - I d  

- I I U  - I u  

- I I d  - Id - 11s - IS 
- I I d  - I d  - 111s - I V S  
- I i d  - I d  - IIf - IIIf 
- I I d  - Id - If - I V f  - I I U  - Iu - I s  - 11s - I I U  - I u  - 111s - I V S  
- I I U  - Iu  - IIf - IIIf 
- I I U  - I u  - If - I V f  

Function 

+X Trans la t ion  
+X Translat ion 
+X Trans la t ion  
-X Trans la t ion  
-X Translat ion 
-X Translat ion 
+Y Translat ion 
-Y Translat ion 
+Z Trans la t ion  
-Z Translat ion 
+X, +Y Cmbined Trans la t ion  
+X, +Y Corbined Trans la t ion  
+X, +Z Combined Trans la t ion  
-X, -Z Combined Trans la t ion  
-X, +Y Combined Trans la t ion  
-X, -Y Combined Trans la t ion  
-X, +Z Combined Trans la t ion  
-X,  - Z  Corrhined Trans la t ion  

( a )  CI-,erating T i r e  - I?inimrn opera t ing  t i m e  on each engine s h a l l  be 
8 5  f o l k r r s :  

(1) 520 seconds of accmula t ive  s teady s t a t e  operat ion.  A 
ntn imm of tr:o engines sha l l  be operated continuously 
fcr at l e a s t  529 seconds each. 

553 seconds of accumulated GG-TITE during pulse  mode 
9psra t ion .  
be subjected t o  E minimum of  35,C30 pulses .  

( 2 )  
L?;ring t h i s  pe r i sd  of t i m e ,  each engine s h a l l  

A 

,:e> >.p:?ai. ~ ~ l l s e  v id th  (' r ) and 
as f c i h w s :  

duty cycle  t o  be run are 

i 

i 

i I 

t E 
i i 
i 
! 

i 

I 

! 

I 
f 

! 
t 

j 
i 
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4.4.3.2.3.1 ( Continued) 

( e )  (Continued) 

( f )  The f o l l s v i n g  events  s h a l l  be performed by each "engtne pa i r" :  

Both engines start s teady  state. 

Bcth engines s t o p  s teady s ta te .  

One engine s t a r t  steady state while o t h e r  i s  running steady 
state. 

One engine s t3p  steady s t a t e  while o the r  i s  running s teady 
s ta te .  

b t h  engines start  puls ing  under the  fol lowing condi t ions:  

a. Sene frequency and i n  phase. 

b. 

c. Di f fe ren t  frequencies.  

Bsi3-1 engines s t o p  puls ing under condi t ions of step 5 .  

Sme frequency and ou t  of phase. 

Cne e n i n e  start pulsing while o the r  i s  puls ing  (same 
~ L S L L ;  cuiidi:;ons as s r e c i f i e d  i n  step 5 ) .  

.-- ,- .. 
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4.4.3.2.3.1 ( Continued) 

( f )  (Continued) 
I 

( 8 )  One engine s top  puls ing while o the r  i s  puls ing (same 
pulsing conditions as spec i f i ed  i n  step 5 ) .  

One engine switch t o  puls ing  m d e  from steady state while 
o the r  running steady state. 

One engine switch t o  s teady  s t a t e  from puls ing mode while 
o ther  running steady state. 

One engine switch t o  puls ing  from s teady  s t a t e  while o ther  
is. puls ing (same pulsing condi t ions as spec i f ied  i n  s t e p  5) .  

One engine s ~ r i t c h  t o  s teady  s t a t e  from puls ing while o the r  

( 9 )  

(10) 

(11) 

i 
f I  (12) 

I 

a 

0 

(13) 

(14) 

(1.5) 

(16) 

(17) 

Cine engine s t a r t  steady s t a t e  while o the r  puls ing.  

One engine s top  steady s t a t e  while o ther  pulsing. 

One engine s t a r t  steady s t a t e  a s  o ther  starts puls ing.  

One engine stDp steady s t a t e  as o ther  s tops puls ing.  

One engine s t a r t  pulsing a s  o the r  s tops  s teady s t a t e .  

i 
i l  

* 1 :  I 
i 
i 
1 
1 

- j l  1 

(18) One engine s t a r t  steady s t a t e  as o ther  s tops puls ing.  

(19) One engine s t a r t  pulsing while o ther  i s  running s teady 
s t a t e .  

Gne engine s tops pulsing while o the r  i s  running s teady 
s t a t e .  

One ecgine s t a r t  steady s t a t e  while other  s tops s teady 
s t a t e .  

I 
i 

(23) 

(21) 

( ( 6 )  i!ox.lnal supply vol tage t o  t h e  i n j e c t o r  valves s h a l l  be 26 VDC. 

2 - -  I 
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4.4.3.2.3.2 Test Objectives.  - 
( a )  *Demonstrate s a t i s f a c t o r y  performance and opera t ion  f o r  t h e  

following condi t ions:  

(1) 

( 2 )  

For normal made of operat ion.  

With p rope l l an t  system "A" shutdown, crossfeed valves  
opened, and a l l  propel lan ts  being suppl ied by system "B". 

+Performnce wi th in  design l i m i t s  s h a l l  be cor rec ted  t o  nominal 
design condi t ions,  using Gruman approved co r rec t ion  ca lcu la t ions .  
Corrected perforlrance s h a l l  be wi th in  t h e  limits def ined i n  t h i s  
spec i f i ca t ion .  

( 3 )  Vith  propel lan t  system "2'' shutdown, crossfeed valves 
opened, and a l l  p rope l lan ts  being suppl ied by system "A". 

With system "A" regulator  assembly faii led i n  t h e  w i d e  
open pos i t i on ,  causing overpressur iza t ion ,  thereby 
r equ i r ing  a t r ans fe r  t o  t h e  redundant system "A" r egu la to r  
assexbly.  

With p rope l l an t  system "A" opera t ing  under high-feed 
presslire c o n d i t i m s  ( i . e .  r egu la to r  lockout  and re l ie f  
s e t t i n g  opera t ion) .  

After r e l i e f  valves i n  system "A" have been vented and 
then  re -sea ted .  

(4). 

( 5 )  

(6) 

(7) Using only  e i g h t  engines ( i . e .  e i t h e r  system "A" o r  
system "B").  

(8) Yith isol-at ion valves t o  one c l u s t e r  asserpbly closed. . 

! 

(7) L-nlng a r e s t a r t  t e s t  af ter  maximm hea t  soak back temgera- 
tme has Seen achieved on the  c l u s t e r  assembly. 

&no2 ar! ox id ize r  i n j e c t o r  valve of  one engine f a i l s  t o  
open. 

/ - - \  - -  
( L - )  
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4.4.3.2.3.2 ( Continued ) 

(a )  (Continued) 

When an oxid izer  i n j e c t o r  valve of one engine fa i ls  t o  
close. 

When a f u e l  i n j ec to r  valve of one engine fa i l s  t o  open. 

When a f u e l  i n j ec to r  valve of  one engine fa i l s  t o  c lose.  

When one engine f a i l s  t o  shutdown on command s igna l .  

I l i th  mximum design vol tage  .of 3.3.3.1.1 being supplied 
t o  engine i n j e c t o r  valves .  

With minimum design vol tage  of  3.3.3.1.1 being supplied 
t o  engine i n j e c t o r  valves.  

A t  OFF design O/F r a t i o  ( i .e .  high and low). 

With propel lant  terrperature a t  +lo9 +Z°F. 
t he  t h r u s t  chamber c l u s t e r s  shall be conditioned t o  t h e  
naxixm t e q e r a t u r e  r e s u l t i n g  from ca lcu la t ions  employing 
Grtx-rjzn s ~ p p l i e d  vehicle emis s iv i t i e s ,  view f a c t o r s  and 
t i x e  duratPons i n  the tem2erature-view env<ronments 
spec i f ied  i n  Table I I ( d ) .  

For t h i s  t es t  

V i t h  g m p e l l a n t  tercperature a t  +40 ''OF. 

r n i ~ i m u m  teaperature  r e s u l t i n g  from ca lcu la t ions  employing 
Grvv'xari Simplied v e h i c l e  emiss iv i t i e s ,  view fac to r s ,  and 
t im c'dratlons i n  the temperature-view environments spec i f i ed  
i n  Table I I ( d ) .  

For t h i s  t e s t  
t h e  t h r l x t  cka.;ber c l u s t e r s  s h h l l  be - 5  conditioned t o  t h e  

I2ien: T:lth kzth s y s t e x  operatir,g, System "A" i s  run t o  
Fres-,Fllant exhaustibn. 
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4.4.3.2.3.2 (Continued) 

( a )  (Continued) 

(21) When, with only sys t em "A" operat ing,  system "A" i s  
run  t o  oxid izer  exhaustion. 

When, with only sys t em "A" operat ing,  system "A" i s  run  
t o  f u e l  exhaustion. 

With one engine s t a r t i n g  with a f u e l  l ead .  

(22)  

i (23 )  
i 

(24 )  With one engine s t a r t i n g  with an  ox id ize r  lead.  - i  
(25) With a f a i l e d  f u e l  bladder.  

With a f a i l e d  oxidizer  bladder .  

1 
j (26) 
i 

( b )  T~monst re te  r e p e a t a b i l i t y  of t h e  minimum inpu l se  b i t  during i i 
1 t he  puls ing  mode. 

Demnst ra te  ade=_uate steady state performance. 

Demonstrate capab i l i t y  t o  opera te  f o r  g r e a t e r  dura t ions  than 
those rcsu i red  by a typ ica l  mission mode. 

( e )  

( d )  
1 
I 

I 
f 
t 

( e )  Performnce of any addi t iona l  tests which nay be required as 
a r e s u l t  of t h e  f a l l u r e  e f f e c t s  ana lys i s .  

t : 

f ( f j  Performnce of any addi t iona l  t e s t s  which may be required by 
Grxman f o r  t h e  purpose of  ' t e s t ing  s p e c i a l  f e a t u r e s  of  t h e  1 

1 PS/TCA. 

( e )  FecFnts-tnztion and Storage - Wlth t h e  PS/TCA i n  t h e  normal 
l au ich  s t t i t c d e  %he l i q u l d  system s h a l l  be completely f i l l e d  
v i t h  p r q x l l a n t s  then Grained, fliished, and decontaminated 

--____ 

e-?? f 3 -- '~-r-;  c - 7 ;  pr3cedsres develoFed by vendor f o r  launch and f i e l d  
-,c-e-ti  d_il_u r - 8 ~ .  7 -  r-  he system s h z l l  ther, be rwmved and stnreC! fny 
c, __ . G n 2  ---*T 'Y S? 3: 6a;is. Follo~wing s torzge,  s a t i s f a c t o r y  perforyance 
? T '  A' 

i - L ~ i e  s;.~?Cp- sL31 1 be d e m n s t r a t e d .  

i 
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4.4.3.2.3.2 ( Continued) 

( h )  S t a t i c  Leakage - The PS/TCA s h a l l  be t e s t e d  f o r  s t a t i c  leakage 
s t a r t i n g  a t  zero d i f f e r e n t i a l  p ressure  and increas ing  a t  a 1 

rate cons is ten t  with normal use t o  t h e  MEOP. 

Weight - Each PS/TCA sha l l  be weighed dry.  (i) 

t i o n  
cons 

4.4.3.3 
tests supplement t h e  B / T Z A t e s t s .  

Cluster  &sign  Ver i f i ca t ion .  - Clus ter  design v e r i f i c a -  
Clus te r  tests verify t h e  design 

ide ra t ions  a t tendant  t o  t h e  thermal e f f e c t s  of c l u s t e r i n g  t h e  high 
a r e a  r a t i o  nozzles.  
low ambient pressure to:  

Hot f i r i n g  t e s t s  w i l l  be conducted a t  a s u f f i c i e n t l y  

( a )  Insure f u l l y  floi:ing nozzles. 

( b )  To achieve s u f f i c i e n t  plume expansion and neg l ig ib l e  convection 
cooling t c ~  v e r i f y  proper opera t ion  during space f l i g h t .  

4.4.3.3.1 General. - Cluster  design v e r i f i c a t i o n  tests are 
conducted on an assembly consis t ing o f  a c l u s t e r  mount and fou r  t h r u s t  
chcmler assemblies. Each ccnponent s h a l l  be of production design, but 
w i th in  t h i s  cons t r a in t ,  j r ev ious ly  used development and q u a l i f i c a t i o n  
t e s t  hardware r a y  be enpbyed.  
blailders or  prototype cg,rr12anents, hu t  shall prclv5.de feed  pressure  and 
t r a n s i e n t  respgnses rhic1hare cons is ten t  with a prototype feed  system 
v i t l i i n  cons t r a in t s  of f a c i l i t y  t o  be u t i l i z e d .  
s k i n  s t r u c t u r e  s h a l l  te munted  tc! simulate  c l u s t e r  placement on t h e  
veh ic l e .  

The p rope l l an t  feed system need not  enploy 

A s ec t ion  of  LE24 vehic le  

4.4.3.3.2 Lata Pequirements. - Instrumentat ion s h a l l  be imple- 
nented t o  provide a continuous record of t h e  following va lues ;  

( a )  Eropel lant  feed pressures  

(i3) ChaKt>er pressures  

( e )  Oxidizer and f u e l  flaw rate t o  each t h r u s t  chamber p a i r  

f t 
.* .. ._ e...-. 
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4.4.3.3.2 ( Continued) J 

( d )  

( e )  

Current/voltage t o  .each t h r u s t  chamber valve 

Thrust chamber assembly (as many po in t s  as is  necessary to  
e s t a b l i s h  representa t ive  temperatures vs. t i m e  h i s t o r i e s )  

( f )  Ambient pressure  

( g )  LEM skin temperatures 

( h )  Other as required t o  demonstrate performance 

Using t h e  above measured values ,  t he  vendor s h a l l  
compile and de r ive  all data  per t inent  t o  co r rec t ing  PS/TCA- opera t iona l  
c h a r a c t e r i s t i c s  f o r  t he  e f f e c t s  o f  t h e  added thermal e n v i r o m e n t a l  induced 
by full nozzle flows. 

4.4.3.3.3 Cluster  Tests. - The vendor s h a l l  provide a d e t a i l e d  
t e s t  p lan  t o  be appoved by Grummn p r i o r  t o  t h e  i n i t i a t i o n  o f  c lus te r  
design v e r i f i c a t i o n  t e s t i n g .  
employed and t h e  sequence o f  c lus t e r  tests.  The tes ts  s h a l l  include but  
no t  be l imi t ed  t o  t h e  following: 

Test p lan  shall include t h e  amount hardware 

4.4.3.3.3.1 Correction rata. - The t e s t  plan s h a l l  inc lude  provis ions  

The purpose of t h e  cor rec t ion  d a t a  i s  t o  compensate environment 
f'5r producing correc t ion  da ta  for bppl ica t ion  t o  PS/TCA design v e r i f i c a t i o n  
t e s t s .  
induced by f u l l y  flowing nozzles  and exhaust plume. 

4.4.3.3.3.2 Simulated Missions. - The mission phases of Table V 
-_I_ 

s h a l l  be u t i l i z e d  t o  develop a tes t  p lan  t o  t e s t  f o r  t he  worst duty cyc les  
i q m s e d  on a c l u s t e r  during the mission. 
h2.t m t  l lrnited i n  t h e  fo lhwlng  opera t iona l  condi t ions (wit-hin design 
t ? l e rances )  during simulated misslon tes ts :  

The t e s t  p lan  s h a l l  include 
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4-4.3-3.3-3 Endurance Tests. - The tes t  plan s h a l l  inc lude  tests 
t o  d e m n s t r a t e  the'  l i f e  requirenents  spec i f i ed  i n  NAA Spec i f i ca t ion  
MC 901-0004. 
p rope l l an t  and high-low temperature view environment. 

Endurance t e s t  will be run  at h igh  and low temperature 

4.4.3.3.3.4 Maximum Heat Soak-Back. - Included i n  t h e  tes t  p l an  
s h a l l  be tes ts  under t h e  mst  adverse duty cyc les  t o  a t t a i n  t h e  h ighes t  
t h r u s t  chamber valve temperatures p r i o r  t o  cont inuing s teady  state and 
pu l se  mode tests. 

4.4.4 Acceptance Tests. - Acceptance tests are tes t s  conducted 
on PS/TCA's components t 3  shov t h a t  t h e  equipment i s  r ep resen ta t ive  of ,  - -  - 
and t h e  performance i s  equivalent t o ,  th_e equ.ipment used i n  design 
v e r i f i c a t i o n  and q u a l i f i c a t i o n  tests. 
Q i a l i f i c a t i o n  Tests ,  and a l l  PS/TCA componenrs de l ivered  under t h i s  purchase 
o rde r  s h a l l  be subjected t o  acceptance tests. 

A l l  FG,/TCA components de l ivered  f o r  

4.4.4.1 Ceneral. - The FS/TCA conpments ,  t e s t  apparatus  and 
t h e  ra ter ia l  en te r ing  i n t o  t h e  manufacture of a r t i c l e s  f o r  f u l f i l l m e n t  
of  t h e  requirements he re in  s h a l l  be subjec t  t o  in spec t ion  by authorized 
Gruman inspec to r s .  A t  convenient t imes pricxr t o  t h e  tests and a f t e r  
t h e  tes ts ,  t h e  PS/TCA camponents s h a l l  be examined to determine compliance 
v i t h  a l l  requirements o f  t h i s  spec i f i ca t ion .  
for de l ive ry  t2 Grummn s h a l l  have been subjected t o  more than  3 component . 
acceptance t e s t  programs, o r  equivalent,  without the p r i o r  approval of 
Crunnan Engineering. iSor shall an  i t e m  be de l ivered  vhich has been 
subjected envirorunerits o f  a n  i n t e n s i t y  higher  than acceptance t e s t  
l e v e l s .  
t e s t i n g .  

TSo t h r u s t  chamber assembly 

Acceptance tes ted canponents s h a l l  not be disassembled fol lowing 

Test F a c i l i t i e s .  - I n  accordance with 4.2. - 4.4.4.1.1 

Temperatu-re an? Al t i tude .  - Temperature and a l t i t u d e  
dxrics acceptance tes ts  shall be at sea level  ambient condi t ions except 
f o r  T h r u s t  Chsmber Assembly which s h a l l  oe conducted under a simulated 
Fd t i tude  sf 9.2 p s i a  maximum. 

- - - - ~ _ c  

L.4.4.1.2 

44 EDP Sheet No. - 
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4.4.4.2 T e s t  Procedures. - The acceptance test  procedure 
f o r  each component s h a l l  be supplied by t h e  vendor f o r  Grurnman 
approval. 
simulated a l t i t u d e  condi t ions.  

A l l  s i n g l e  t h r u s t  chamber f i r i n g s  are t o  be conducted under 

4.4.4.3 I Inspect ions and T e s t s .  - 
4.4.4.3.1 P3/TZA Components Inspec t ion  &fore  Acceptance Tests .  - 

Each PS/TCA components s h a l l  be completely assembled i n  accordance with 
appr?ved drawings, then visually and dimensionally inspected before  
commencing tes ts .  

4.4.4.3.2 €S/TCA Compnent Tests. - Each PS/TCA component assenbled 
f o r  t h e  in spec t ion  spec i f i ed  above shal l  be subjected t o  t h e  following 
t es t s  : 

(4  Tieight - The d r y  FS/TCA mryonents  shall be weighed and 
recorded. 

I S t a t i c  Leahge  - S t a t i c  leakage tes ts  sha l l  be Fade on each 
PS/TCA coi.gment accordfng t:, t h e  acceptance t e s t  p lans .  

Cal ibrat iDn - The Thrcst Chamber ksserr.blles s h a l l  be operated 
for a ciuration and a t  t k r u s t  l e v e l s  sGf3.cient  t o  d e m n s t r a t e  
compliance v i t h  per lorrnnce r a t i n g s  spec i f ied .  
of t h e  T?!- an6 the scc;_vence of  i t s  operat ion s h a l l  be as 
spec i f i ed  i n  the  tea t  plan.  

The a t t t t u d e  

-- P m c t i o n a l  Tes ts  - !dl ' c2qonents  of t he  I-S/TCA s h a l l  be 
func t iona l ly  checked i n  accordence with the  t e s t  plan.  

Prosf Pressure - A l l  PS/TCA components sha l l  be t e s t e d  a t  
tile y r c o f  p ressure  s l jecif ied i n  Sec t ion  3. 

-- V i h r a t l m  - The FS,/TCA cor?I;:,nents s h a l l  be subjected t o  t h e  
rznim v i b r a t i m  t e s t s  us ing  the ymcedure prepared i n  
occ:.rdance ::ith 4..3.5 wi th  t h e  l e v e l s  ef Table V I I B .  

,:. ' . .  4> EDP Sheet No.- 
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4.4.4.3.3 Acceptance Conditions. - Acceptance' of the  PS/TCA and i t s  
conponents s h a l l  be predicated onmaintenance of  a l l  parameters w i th in  the  
l i m i t s  spec i f ied  throughout a l l  t e s t s .  

of the  acceptance t e s t s ,  the  PS/TCA components s h a l l  be subjected t o  inspec- 
t i on .  
t o  rep lace  it, and a s u i t a b l e  penalty t e s t  s h a l l  be conducted, 

4.4.4.3.4 PS/TC'A Comonents Inspect ion Af ter  Test. - Upon completion 

If any p a r t  i s  found t o  be defec t ive ,  an approved p a r t  s h a l l  be supplied 

4.4.4.3.5 l ie ject ion and Retest .  - Whenever the re  i s  i n s u f f i c i e n t  
t h r u s t  or o the r  malfunctioning, or evidence t h a t  the  PS fTCA component thereof  
i s  not  meeting s p e c i f i c a t i o n  requirements, the  d i f f i c u l t y  s h a l l  be invest igated 
and i t s  cause corrected before the t e s t  is continued or rerun,  

14aximum Running Time. - A PS/TCA component s h a l l  be 4.4.4.3.6 
rezected whenever the  to-cal running time accumulated during the  t e s t s  spec i -  
f i e d  here ln ,  exceed the  time allowed for i n  the  acceptance t e s t  plan.  

4. IC. 5 Cl.;stzr Pverstrr-ss Tests .  - The fcllowifig t e s t s  form an 
i n t  c.gral p a r t  of t he-cluster developlnent t e s t  program. 

B s s i v e  Ovnrstress Tests .  - On? c l u s t e r  and a Grumman 4.4.5.1 - 
spzc i f i ed  c l u s t e r  support asssrillly s h a l l  be subjected t o  t he  v ib ra t ion  and 
shcj.5; t e s t  l eve l s  of Table VI. The c l u s t e r  assembly s h a l l  be f i r e d  per  the  
mission duty cycle  of  Table V. AT t he  conclusion of these  t e s t s  t h e  c l u s t e r  
and c l u s t e r  support  assembljj s h a l l  be Subjected t o  .a passive overstress t e s t .  
The overstrr,ss t e s t  shall Tcnsist  systemstic:ally increasing the  v ib ra t ion  
levels akove ~ k e  1 ~ v e l s  clf' ?able V I  u n t i l  f a i l u r e  occurs. 

-7. :irirc * i;verstress Tests .  - A s  a culmination t o  the  
4.4.5.2 -- 

develcpment t e s t  projrm.,  cn.; clust-3r assemhly s h a l l  be subjected t o  f i r i n g  
ove r s t r e s s  t e s t s .  Za2h enEine s h a l l  be f i r e d  per  the  mission duty cycle  
un+,il f a i l u r e  oc?u1-s o r  three minimum duty cycles  a r e  completed, A l l  f ou r  
Q ~ ~ : I I E S  of  t h e  cluster shall La f i red u n t i l  f a i l u r e  of  each engine occurs 
pxiv ia inc  each encine f a i l u r e  dccs not  adversely a f f e c t  s a f e  o p i r a t i n g  
r cng i t ions  of the  f a c i l i t y  or subsequent opzra t ion  of the  renaining engines. 
r ~ r l n r  + ime of each ~ ry<r i z  must be clccurately recorded. 7. . 

.C!?c-,l--sic of Ersul ts .  - The vendor s h a l l  perform an b ; L ,  5.3 -sl- 
1512- ~-1:;c.Ls c.f' 'k-,.? 0 2 ~ 5  .c:nc.rated by the  s t r e s s - t o - f a i l u r e  t e s t s  
ri:- 2 correlztion wi'h t.hc i '?i lure mode p red ic t ion  ana lys i s  'and submit 
3 hnd t :~e aza lys i s  t o  ';rumnm. 

. --.- I ____ 
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5 PREPARATION FOR DELIVERY 

5 -1 General. - The subcontractor  s h a l l  develop methods 
of preservat ion,  packaging and packing f o r  t he  equipment which will 
provide adequate p ro tec t ion  against  corrosion,  contamination, phys ica l  
damage from shock and v i b r a t i o n  and o ther  shipping hazards encountered 
during handling and t r a n s p s r t  t o  the  con t r ac to r ' s  f a c i l i t y ,  and during 
subsequent indoor s torage.  Packaging s h a l l  be designed t o  f a c i l i t a t e '  
handling, inspec t ion  and warehousing of t h e  equipment. 

5.2 R e l i a b i l i t y .  - The required high r e l i a b i l i t y  of t h e  

I n  demonstration 
equipment rakes  it mnda to ry  t h a t  t h e r e  be no degradation of r e l i a b i l i t y  
a s  a consequence of handling, t ranspor t  and s torage .  
of t h i s  requirement, t he  suppl ier  s h a l l  provide labora tory  or f i e l d  
t e s t  data, s e rv i ce  use da t a  rjr su i t ab le  a n a l y t i c a l  d a t a  t o  v e r i f y  t h e  
adequacy of t he  packaging r a t e r i a l s  and methods used. 

?&rking of Shipments. - I n t e r i o r  and e x t e r i o r  containers  5.3 -- 
shall be durably and l e g i b l y  marked such t h a t  t he  markings shall provide 
the follo-trir?g information: 

Item Xame 

Cont rac tor ' s  Control No. 

Stock No. 

Contractor 's  Order No. 

Llanufac t u r e r  

bknufac turer ' s  S e r i a l  No. 

B i t e  of  !?mufacture 

Defini t ions.  - 
Asser:hiyL -?.rust Chamber. - The t h r u s t  'chamber assembly 

- 6.1 
r 

9.1.1 
', ; P.) Is 
--, 

l 5 scd  of TIX t h x w t  chamber, nozzle,  i n j e c t o r ,  p rope l lan t  
r rcr; lng FrsvLslr,ns, End any o ther  d l r e c t l y  a s s sc i a t ed  p a r t s .  
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6.1.2 Chamber, Cambustion. - The combustion chamber i s  t h e  
enclosed volume between t h e  i n j e c t o r  f ace  and t h e  t h r o a t  of t h e  nozzle. 

6.1.3 Conditions, Standard. - Standard condi t ions  are the  
va lues  o f  air temperature and pressure given i n  PXCA Technical Report 
No. 218. 
i s  zero vapor pressure a t  a l l  a l t i t u d e s .  

The standard humidity, f o r  t h e  purpose of t h i s  spec i f i ca t ion ,  

6.1.4 Cutoff. - Cutoff is  t h e  t i m e  of  p rope l l an t  flow 
cessa t ion  throilgh t h e  t h r u s t  chamber p rope l l an t  shutof f  valve( s )  . 

6.1.5 . Dciration. - The du ra t ion  i s  the  e lec t r ica l  on t i m e  
of m e  ope ra t iona l  -(seconds). 

6.1.6 Imulse,  Ef fec t ive .  - Effec t ive  inpdse i s  the  area 
urder t h e  thrus t - t ime curve betveen the  two 93-percent-of-rated t h r u s t  
po in t s .  

In~:ml.se, Ef fec t ive  Spec i f i c .  - The e f f e c t i v e  s p e c i f i c  ___--- 6.1.7 
ircpulse i s  t h e  efTect ive inpu l se  d i v i d e d  by t h e  t o t a l  weight of p rope l l an t ( s )  
consumed. 

6.1.8 ~ r ; y ~ c e ,  Instantaneous Spec i f ic .  - The instantanebus 
s p e c i f i c  impuise (I,) I s  t h e  t-brust produced, i n  pounds, divided by t h e  
b t a l  p rope l l an t  c o n s u z ~ t i m  r a t e  i n  p m n d s  pe r  second. 

6.1.9 Ir7-u1se, I’ean Sxec i f ic .  - The mean s p e c i f i c  impulse i s  
t h e  t o t a i  inpulse  divided by t h e  x t a l  w i g h t  of p r o p e l l a n t ( s )  consumed. 

G.L.13 Tryulse (I.!iniin;m B i t ) .  - The smallest poss ib l e  repea t -  
able taxa1 i q u l s e  b i t .  

Impu.ke,  %tal. - The area under t h e  th rus t - t ime  curve. -_ 6.1.11 

InterchanFnahle  ?arts.  - Thsse parts which can be 
d L - -  - directly s u b s t i t u t e d  f o r  one another ( bst.h physicalljr and func t iona l ly )  

by use sf stz,ndarci t o s l s  withsut  c t t i n g ,  Yi t t ing ,  o r  ad jus t ing  are 
- y-; r . ,”r.: - .F ,,,, 7eay!-a 

-_ 6.1.12 

. .  
. ., _.&__. L. 



** Spcc. No. mp-310-2c 

4-29-66 . Date: 

Page : 48 

S P E C I F I C A T I O N  

6.1.13 Model Class i f ica t ion .  - 
Breadboard Y7del - This i s  an assembly of  prel iminary coqmnents 
t o  provide the  feasibi l i -cy of t h e  system, o r  p r i n c i p l e  i n  
rough form without regard t o  t h e  eventual  o v e r a l l  design or 
form of p a r t s .  

- 

Development Model - 
perfarmance requirements of t h e  s p e c i f i c a t i o n  and t o  e s t a b l i s h  
t echn ica l  requirements fo r  production equipment. This mdel 
ernploys apprsved parts 3r t h e i r  interchangeable equivalents .  
It may be used t o  demonstrate t h e  r ep roduc ib i l i t y  of t h e  
equiprnent . 

This T s  a model designed t o  meet the  

Frototype Tbdel (Preproduction) - This i s  a m d e l  s u i t a b l e  for 
complete eva lua t icn  f r5chanical and e l e c t r i c a l  form, design, 
and performance. It i s  o f  f i n a l  mechanical and e l e c t r i c a l  
form, erploys approved F a t s ,  and i s  completely r ep resen ta t ive  
of f i n a l  equ-ipnent. 
t i o n  or design frozen hardware. 
have been r m u f a c t w e d  i r L th  production too l ing .  

Production Jbdel  - This i s  an equipment i n  i t s  f i n a l  mechanical 
an6 e l e c t r i c a l  fom, empioys approved p a r t s ,  and i s  completely 
r ep resen ta t ive  of  f i n a l  equiprent .  
q u a l i f i c a t i o n  t e s t s  should be run on production m3del  equipKent. 

An equivalent  of prototype i s  prequal i f ica-  
Prototype hardware need not  

Schedule permit t ing,  

6.1.14 
seconc?. 

Operation, Csntinuous. - m a t i o n  g rea t e r  than one 

6.1.15 Operation, P d s e  i1ode. - k r a t i o n  less than  one 

6.1.16 

second. 

Fo in ts ,  33 Percent zf Rates Thrust. - The 90 percent- 
cf-rctwcl Thrust pol& a r e  the  tirr.e po in t s  on t h e  t h r u s t  r i s e  and decay 
r h i c h  a r e  a t  92 percent  of the  nominal achieved t h r u s t  l eve l .  

-____ 

r - -- 
1.. :-'I< 49 EDP Sheet No.- 



- - Spec. No. LSP-310- 2c 

Date: 4- 29 - 66 S P E C I F I C A T I O N  

Page : 49 

6.1.17 Pressure,  Chamber Design. - The maximum expected 
pressure i n  t h e  chamber during operation. 

6.1.18 Pressure,  Effective Chamber. - The effective chamber 
pressure  i s  t h e  area under t h e  chamber pressure- t ime curve between t h e  
t m  93 percent-of-rated t h r u s t  points  divided by t h e  t i m e  i n t e r v a l  
between these  poin ts .  

6.1.19 Pressure,  Mean Chamber. - The mean chamber pressure 
i s  t h e  area under t h e  chamber pressure-time curve divided by t h e  durat ion.  

6.1.23 Pressure,  Naximm Exlpected Operating. - The maximum 
expected opera t ing  pressure  i s  the h ighes t  p ressure  t h a t  w i l l  appear 
i n  t h e  PS/TZA. This value i s  determined from t e s t  observat ions.  

6.1.21 Fressure,  g o o f .  - A t  proof p re s su re  there shall be 
no pernanent d e f o r m t i c n  of  t h e  item 3r t o t a l  deformation adversely 
a f f e c t i n g  PS/TCA operat ion,  o r  permanent s e t .  

6.1.22 Pressure,  Ultimate. - A t  u l t ima te  pressure ,  t h e r e  
s h a l l  be no s t r u c t u r a l  f a i l u r e  of t h e  i t e m .  

6.1.23 Propel lant ,  Referee. - A prope l l an t  incorpora t ing  t h e  
m s s t  adverse cons t i t uen t s  of t h e  spec i f i ca t ion  p rope l l an t  o r  which s p e c i f i e s  
p rope l l an t  cons t i t uen t s  a f t e r  a 2-year s torage  period. 

6.1.21: Rat is ,  P'ean Nixture. - The mean mixture r a t i o  (WoWf) 
i s  t h e  t o t a l  ve lght  of ox id izer  consG,,ed divided by t h e  t o t a l  weight of 
f u e l  consumed. 

Reglaceable Parts.  - Replaceable p a r t s  are those  ~- 6.1.25 
p a t s  t h a t  meet a l l  t h e  requirements of  interchangeable  p a r t s  except 
t h a t  cu t t i ng  or. imbrazing or" fittings f o r  remval i s  allowed. 

6.1.26 Thrust.  - Thrust ( F )  i s  t h e  reactive fo rce  of  t h e  
rocke t  engine during operat ion.  

_,- 

50 . r <  
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6.2 Symbols. - Symbols used i n  t h i s  s p e c i f i c a t i o n  are 
def ined  as follows: 

Uni t  - Symbol Quantity 

4 3  Exit Area i n 2  

A-t Throat Area i n  

4-4 Chamber inne r  surface area i n  

2 

2 

cF 

CPS 

Thrust c o e f f i c i e n t  F 

P C  A t 
Cycles p e r  second 

C h a r a c t e r i s t i c  v e l o c i t y  

Nond i mens i o n a l  

f t / s e c  

G.A. . rouble  an@-itude of v i b r a t i o n  

F w u s  t lb 

g Er,rth g r a v i t y  32.2 f t / s ec2  

i n  Inches 

lb / lb / sec  Instantaneous s p e c i f i c  inpulse  IS 

Tota l  impulse 

C h a r a c t e r i s t i c  l e n g t h  

min 'Xi nu t  es 

n Thad f a c t o r  

F Absolute pressure 

uc flhamber messure, absolu te  

l b  sec  

i n  

Mondimensional 

lb / in2  

lb/ in* 

.,. 
rp - ,  i cztarltsaeous mixture r a t i o ,  Wo/Wf Nondimens i o n a l  



S P E C I F I C A T I O N  

6.2 (Continued) 

Unit - -- Symbol Quantity 

T . Absolute temperature Rankine 

VC Combustion chamber volume i n 3  

W Weight of f l u i d  l b s  

W f  Weight of f u e l  lb 

WO Weight of oxid izer  l b  

1.7 Fluid flow r a t e  lb / sec  

Vf Fuel f low rate lb/sec 

wO Oxidizer flow r a t e  l b / sec  

Er’ficiency percent  1L 

6.3 Subscr ip ts .  - 
Symbol Quantity 

E d  a l t i t u d e  

C chamber 

d discharge 

e exhaust nozzle; e x i t  

f f u e l  

fr f r i c t i z n  

3 thrust 

i i n l e t  

d 
. --- 

. . T ” i  



6.3 ( Cant inued ) 

Symbol Quantity 

m 

0 

m i x t u r e  

oxidizer 

P pres sure 

s, SP specific 

sl standard sea level 

st 

v P 
w 

static 

vapor pressure 

wall; surface 

--I.-- 
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. . TABU I1 

ENVIRONbIENTAL AND LOAD DESIGN CONDITIONS 

Add "The following conditions apply only t o  t h e  t h r u s t  chamber c l u s t e r  
assemblies . ' I  

EOTES: 1. Factors of s a f e t y  a re  not included i n  t h e s e  levels. See 
paragraph 3.3.1.1. 

2. All acce le ra t ions  are i n  " e a r t h  g ' s " .  Multiply by e a r t h  
weight o r  use 32.2 f t / s ec2  as  appropr ia te .  

- 3. The design requirements fo r  environments such as r a i n ,  
sand and dus t  contemplate t h a t  requi red  p ro tec t ion  t r i l l  be 
e s t ab l i shed  by t h e  vendor. 

(a )  Pre-Launch - (The system t r i l l  be unloaded for demonstration tests 
under these  condi t ions)  

Tenrper a t u r  e 

. Accelerat ion 

Shock 

Packaged 

Vnpackaged 

-65' t o  +160O~ 

2.67g v e r t i c a l  with 1.3g l a t e r a l  

Transportation, handling and s torage  
i n  shipping conta iner  s h a l l  not produce 
c r i t i c a l  des ign  loads on the T, 
Q and s h a l l  not increase  t h e  weight 
of t h e  T, C, Q. 

C,  

15g peak sawtooti- shock pulse as 
spec i f i ed  i n  Table V I .  
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TAELF: I1 

(a )  Be-Launch (Continued) 

Vibration 

Rain 

S a l t  Fog 

Humidity 

Electromagnetic 
In t e r f e rence  

Sand end Dust 

Ikngus 

( Continued) 

The following v i b r a t i o n  levels are 
spec i f i ed  during t r anspor t a t ion ,  
handling, and s torage.  Vibra t ion  
s h a l l  be applied along t h r e e  mutually 
perpendicular axes applied t o  con ta ine r '  
( sweep a t  1/2 octave/minute). 

For 100 l b s .  o r  l e s s  

CPS g or D.A. 
5-7-2 .5 in .  D.A. 
7-2-26 - + 1.3g 
26-52 ,036 in .  IIA 
52-500 - f 5-og 

I n  accordance with MIL-STD-810, 
Nethod 506. 

I n  accordance with MIL-STD-810, 
NethDd 509. 

95$ Relative Humidlty inc luding  
condensation i n  a tertperature range 
of oo t o  1 6 0 ~ ~ .  

Fer LSP-530-001 

I n  accordance with I ~ I L - S T D - ~ ~ O ,  except  
v e l o c i t y  s h a l l  be up t o  2000 ft /min. 
a t  70 2 20'F. 

I n  accordance with MIL-STD-810, 
Methoc! 5". 

-.--..- 
I , . p .  : 7 U L  
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5-13 cps .18g2/cps constant  
13--15 C ~ S  

15-32 C ~ S  .30g /cps constant  . 

49-950 CPS .044g /cps constant  
950-12GO cps 

12 d$/octave r i s e  to 

12  d b  octave rolloff t o  

12  db  octave rolloff t o  

L 32-49 CFS 

1253-2930 cps .015g 4 /cps cons tan t  

Acoas t i c s  Octave &nd ( c p s )  Level ( a b )  

9 to 18.8 142 
18.8 tc! 37.5 1 Ll& 

75 t:, 153 138 
159 t:, 3 x 1  134 
300 t:, 630 130 

123 
1200 i3 2400 116 
2400 t o  4800 119 

134 
1.47 

37.5 to 75 141 
i 
i 

. -  630 to 1200 

- 4830 to 9600 

. .  

- f 
i Overall 

! 
1 

--. ..--111. 

6 . -  
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(b) Launch and bost 

TABLE I1 

( Continued ) 

( Continued) 

Rad ia ti on 

Electromagnetic 
Interference 

Rkinidity 

Sand and Dmst 

Altitude 

Explosion 

Acceleration 

Boost cond. (S-1C) 
.?dsx. q condltion (S-1C) 

See paragraph 3.5.1. 

Same as pre-launch 

Same as pre-launch 

Sea level to 1 x m. H@;. 

Same as pre-launch 

- - +.l +.l 

- - +.1 +.l 

- +4.7 - 
t2.1 - +. 5 - +- 5 

Cut Off Condition (S-1C) -2.6 - - f.63 - - Engine ikrdover (S-11) t2.3 - Engine Eardover (S-11) t2.3 - - - + .63 

- - 
- 

- 
Earth Orbit 0' 0 0 0 0 

Xeteoroids No effort until defined by GrmBn. 

(2) - Srace Flight 

Temperature' 40°F to 100°F 

Solar Flux 440 sn./ft.2k.r. . 

Space -469'~ 

EDP Sheel N o . 5 7  



r 7’ 

7 spec. N ~ .  LSp-310-2C 

S P E C I F I C A T I O N  Date: 4-29-66 

Page : 57 

TABLE I1 (Continued) 

( c) Space Flight (Continued) 

Electromagnetic 
Interference 

Same as pre-launch 

Pressure Altitude 

*Temperature due to combined exposure of solar f l u x  and space shall 

1 x 10-14 m ~ g .  uncontrolled vacuum 

be determined.by Vendor. 

Vi brat i on 

1:eteoroids 

3adiation Source 

Ozone 

ExTlosion 

The mission environment consists 
of the following random spectrum 
applied for 6 minutes along each of 
the three mtually perpendicular axes 
X, Y and Z. 

Input to equipnent supports f rom 
primary structure. 

5-47 CPS . 089g2/cps constant 
65-1000 CPS .024g /cps constant 
1CO0-230Q cps 12 db/octave rolloff 

12 db octave rolloff to 4 47-65 CPS 

!?o effort until defined by Gruniman 

See paragraph 3.5.1. 

21 be determined. 

Same as pre-launch. 

- X Lateral Pitch 

-.45Og .11Og .373 rad/sec* 

- 84g .12g 17.0 rad/sec* 
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1 

. TAl3LE I1 (Continued) 

( d )  Lunar Excursion ( inc luding  a scen t  and. descent) 

Temperature* 

Electromagnetic 
I n t e r  f erefice 

Pressure Al t i t ude  

Met eor o i d s 

Radiation Source 

Accelerations 

Descent engine opera t ing  

Externa l  so l a r  f l u x  440 BmT/hr- f t2  
Lunar sur face  - -3003F t o  +250°F 
Space - -46OoF 
I n t e r n a l  - +403F t o  100°F 
+260°~ t o  - 2 6 0 3 ~ ,  LEM Externa l  Surface 

Same as pre-launch 

\ 

1 x lo-= mm Hg 

No e f f o r t  u n t i l  defined by Grumman 

See paragraph 3.5.1 

2 2 Y 
r a d /  se c 2- 

4-2.0 

2 
X 

rad/sec g rad/sec g 
..I +.31 .+.ii - 2.47 2.11 - +.47 

Ascent engine operating 11.0 T.88 +.05 - +.8a 2.05 
Cocking 0 0  3 0 -4.0 0 

- - - 

Landing ( t o  be suppl ied)  

Shock. . 8g  peak, any axis  f o r  10 t o  20 ms. 

Landing 
10-20 ri r i s e  time - ramp s t e p  shock (pre l iminary)  

-1-14.0 

.", 
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TABLE I1 (Continued) 

( d ) Lunar Excursion ( Continued) 

Vibration 

Ozone 

Explosion 

Sand and Dist 

The mission environment consists of 
the following random spectrum applied 
for 11 1/2 minutes (descent} and 
8 1/2 minutes (ascent) along each 
of the three mutually perpendicular 
axes X, Y and 2. 

Input to equipment supports from 
primary structure 

10-28 CPS .18g2/cps constant 
12 db/octave rolloff to 28-37 cps 

. 37-1000 CPS .059g- /cps constant 
1000-1200 cps 12 db octave rolloff to- 

2 

1230-2000 cps .031g L /cps constant 
No effort until defined by 

Same as pre-launch 

Ho effort until defined by 

Gruzrrman 

Gruman 

i 
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TABLE 111 

ENVIROXPENTAL AND LOAD DESIGN CONDITIONS 

The f d l o w i n g  condi t ions  apply t o  t h e  p rope l l an t  i n l e t  f i l ters.  

NOTES : 1. Factors  of sa fe ty  are not included i n  these  levels. 
See 3-3.1.1. 

2. A l l  a cce l e ra t ions  are " e a r t h  g 's ' ' .  Multiply by e a r t h  
weight o r  use 32.2 f t / s e c 2  as appropr ia te .  

The design requirements for environments such as r a i n ,  
sand and d u s t  contemplate t h a t  requi red  p r o t e c t i o n  
w i l l  be es tab l i shed  by t h e  vendor. 

3 .  

( a )  Transgsr ta t i sn ,  Ground Eandling and Storage -. The coriipment is not 
e q e c t e d  t o  operhte during exposure t o  t h e s e  conditions.  

Tesperature: 

Shock (Unpackaged) 

Vibration: 

Rain: 

S a l t  Fog: 

-65% t o  +1603~ 

3Gg peak sawtooth shock pulse  11 + 1 ms 
r i s e  time, 1 + 1 m s  decay time. 

For 100 l b s  zr l e s s  

_cps g or D.A. 

- 
- 

5-7 2 0.5 i n  D.A. 

26-52 0.036 i n  D.A. 

0.6 inches/hr for 1 2  hours i n  accordance 
v i t h  I'ethod 506 of ~ L - S T D - ~ ~ O  (no 
d i r e c t  impingement). 

Xethad 509. 

7.2-26 - i- 1.3 g 

.+ 5.0 g . 52-530 - 

111 acc~ ida I i ce  ~ ~ ~ L - s T G : Q ~ ~ ,  

. -_L14r , 

! 
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( a )  (Continued) 

Humidity: 

Sand and Dust: 

Fungus : 

.Ozone : 

Explosion : 

Fressu.re: 

TABLE I11 (Continued) 

100$ r e l a t i v e  humidity over a temperature, 
range of 40' - l O O O F  ( inc luding  
condens a t  ion )  

I n  accordance with MIL-STD-810, Methd  
510 except v e l o c i t y  shall be up t o  
2000 ft/min. a t  70 - + 20'F. 

I n  accordance with ML-STD-810, Method 508. 

Exposrzre with 0.05 p a r t s / m i l l i o n  
concentration. 

I n  accordance with NIL-STD-810, Xethod 5ll 

0 t o  50,000 f t .  a l t i t u d e  

. E l e c t r m a g n e t i c  
In te r fe rence :  Fer LSP-530-001 

Fre-Ls:mch through Llmar Excwsion - The conponent s h a l l  be capable of (b) 
c apera t ing  ,- during and after exposure t c  appi icable  combinations of t hese  
environments. 

TeEperature : 

Vibration: 

-15'~ t o  + i&~ 

50-ico CPS 

100-1cs3 cps 0.35g /cps cons tan t  

1c00-2320 cps 12 db/octave roll-off 

12 db/octave r i s e  t o  

2 

Lateral 
9g 
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l 
TABLE 111 (Continued) 

(b )  (Cantinued) 

I Humidity: . lOO$ relative humidity over a temperature, 
range of  40° - 100°F ( inc luding  
condensation) 

I n  accordance with.NIL-STD-810, Metbd  
510 except ve loc i ty  s h a l l  be up t o  
2000 f t /min .  a t  70 - + 20°F. 

Sand and Dust: 

Pressure Al t i tude :  0 t o  5O,.OOO f t .  a l t i t u d e  

Explosion: i n  accordance with ~ E L - S T C - ~ ~ O ,  Xethod 511 

S a l t  Fog : I n  accordance with !.TIL-Sm-810, Nethod 509 

Ozone : Exposure with 0.05 pa r t s /mi l l i on  
concentrat ion 

I n  accordance with KIL-STD-810, Method 508 Fungus : 

EXLectromagnetic 
In t e r f e rence :  Per UP-530-001 

Rain : 

Q 

0.6 inches/hr for 12 hours i n  accordance 
wi th  llethod 506 of K I L - S T D - ~ ~ O  (no 
d i r e c t  impingement ) 

a. 
63 EDP Sheet No.- 
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MAIN PHASE 
TOTAL TlME 

HOURS 

Pest Landing Checkout 

Prelaunch Preparat ion 

Fxplor a t  ion 

Tota l  Lunar  Stay f o r  Mission Success 

1.25 

1.667 
1.083 

4.00 

Transfer Coast 

EendezvOils ( 5  Nautical  Miles t o  
500 Feet) - 
DoCcing (500 Feet t o  Contact) 

0.7 

. 0.167 

0.25 

=\ 

S P E C I F I C A T I O N  Date: 

P 

TABLE Iv 
MISSION PIIOFIU FOR RELIABILITY ESTIMAmS* 

&JOMIItAIJ 
PHASE 

NON-BOOST 
HOURS . 
10.0 

3.8 

BOOST 
HOURS 

0.19 

0.087 

0.09 

10.0 

0 197 
3 887 
1.0 

Prelaunch 
E’mth Launch 

Earth Orbi t  Through Transportation 

Translunar LEM Checkout 
Continued Translunar Trip  Through 
Lunar Orb i t  I n j e c t i o n  

Coast i n  Lunar Orbit (I234 Checkout) 

Total &e-separat ion 

1.0 

61.2 

80.0 

4 .O( 1.85) 
61.29 
4 -0 

80.374 0.374 * 

G’I4 Separation .to Inse r t ion  0.248 0.248 

0.968 0.002 Insertion and Hobmann Transfer Orbit 

4 
0.107 

0 033 5 

.I. 25 
1,083 
1.667 
4.00 G 

6A Additional E m a r  Stay for Crew Safety! 20.0 20.0 . 

Poweyed Ascent and In jec t ion  9 093 7 

0.7 

9 
0.167, 

10 0.25 
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TABLE IV (Continued) 

?:CTE: Stress Environmental Factor (=K) - 
Boost-Operate* = 10 

\ 

Boost-Non-Operate = 0.01 

Non-Boost-Operate* = 1 

%Operate: (a) Propellant system is considered to be in operating 

Non-Boost-Non-Operate = 0.001 

state whenever it is pressurized. 

(b) Thrust chamber assemblies a r e  considered to be in 
operating state whenever they .are firing. 

EDP Sheet No - 65 
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TABm IX 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

3. 

Quantity Per 
Component PS/TCA Total Weight (lb) 

Thrust Chamber Assembly 16 In accordance with NAA 
Spec. MC 901-0004 

E A  Cluster bunt . 4 7.12 

(Brackets, screws, etc.) 0.56 
Yisc. Cluster Hardware 

Ins  t r c ~  nt at i o n Bracket s , 
p ig ta i l s ,  etc. 0.60 

Chsxber 3 e s s u r e  Tmnsducer 16 6 

Injector Zead Temperature 
b ~ a r i s  ducer 

1”rcipcllant Iressure 
I r m s  tic c e r 

F r o p l l a n t  filter 

r- 

rr 

16 1 

16 5 

16 3.2 
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